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ABSTRACT

ABSTRACT
This PhD responds to a twofold problem with the status of existing 
predominant design software within architectural practice. The 
first part of the problem is philosophical and is centred around the 
discrepancy between a worldview, which is based on emergent 
relational phenomena, dynamics and behaviours, and the state of 
existing design software tailored for the profession, which is based 
on determinacy, stasis and the modelling of explicit geometry. 
Proposing that the interrelations and the interdependencies central 
to this worldview are an important novel paradigm of design, this 
research argues that it is paramount for the design profession 
to adequately engage with and respond to a world defined by 
constant change. The second part of the problem is cultural and 
concerns artistic creativity and design innovation. As the use of 
digital technology increasingly surpasses the use of traditional 
media within the discipline, ready-made software becomes an 
important new limit condition on architectural practice and design 
innovation.
While it is suggested that a possible way to overcome this problem 
is for architects to take initiative and actively engage in creative 
design computation, changing from mere consumers of ready-
made software to designers of bespoke creative computational 
design tools, the transformative effects of this proposition on 
creative architectural practice remain largely unexamined in 
practice.
Motivated externally by a changing philosophical, cultural and 
methodological framework and internally by a desire to examine 
the transformation of my own architectural practice, the PhD 
tests this proposition through a project-based investigation within 
the 'live' practice of my architectural design firm MESNE Design 
Studio, as well as within the academic and educational contexts of 
RMIT University. 
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Intelligence lies in-between.
Cedric price quoting Gordon Pask
INTRODUCTION
This PhD investigates the extent to which architects take 
initiative and actively engage in creative design computation, 
thereby changing from mere consumers of ready-made software 
to designers of bespoke creative design tools. My central 
proposition is that this engagement is leading to a series of 
important transformations within architectural practice. These 
include an enrichment of the discipline's conceptual vocabulary, 
assumptions and understanding of space and form; an extension 
of its practices of design and of making; a metamorphosis1 in its 
practices of representation; a shift in its educational curriculum; a 
reconfiguration of the organisation of the office, and an expansion 
of its disciplinary field of operation.
This proposition is investigated through an applied study 
comprising a set of architectural design projects that I have 
developed and undertaken during the tenure of the research within 
the 'live' practice of my architectural design firm MESNE Design 
Studio, as well as within the academic and educational contexts of 
RMIT University. 
Within the assemblage of projects, I engage creative design 
computation in order to develop an array of bespoke computational 
design tools that appropriate concepts, themes and models 
from increasingly information-based knowledge domains that 
are traditionally regarded as being outside the disciplinary field 
of architecture. The array of these bespoke design tools ranges 
from the customisation and extension of ready-made software to 
the development of fully-fledged, stand-alone applications. These 
bespoke tools were developed by me, or in close collaboration with 
others.
1 Metamorphosis is understood 
here as the process of 
transformation from an 
immature form to a more 
mature form that occurs in 
two are more stages.
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RESEARCH BACKGROUND AND MOTIVATION
My interest and curiosity into contexts and themes discussed in 
this PhD started more than 10 years ago while completing my 
undergraduate architecture degree at RMIT University. During 
that time I came across the ground-breaking research of Stephen 
Wolfram (Wolfram 2002) and Benoît Mandelbrot, the writings 
of Manuel DeLanda (DeLanda 2000, 2001, 2002), Sanford 
Kwinter (Kwinter 1992, 1994, 2001) and Christopher Alexander 
(Alexander, Ishikawa & Silverstein 1977) and the pioneering work 
of architects such as John Frazer (Frazer 1995), Greg Lynn (Lynn 
1993, 1998a, 1998b) Mark Burry (Burry 2001, 2003) and Paul 
Minifie (Minifie 2001, 2004).  These stirred in me a design-led 
interest in and curiosity into emergent relational phenomena and 
dynamic systems, and a desire to engage these as generative 
inputs in my design processes. To my surprise I was unable 
to model these systems in existing ready-made 3D modelling 
software when operating the software through its provided 
graphical user interface. I then discovered that this was due to 
a discrepancy between the fundamental principles that underlie 
the phenomena in which I was interested and the software that I 
had available to model them. The systems I wanted to use were 
based on procedural models – namely algorithms – that explicitly 
described the behavioural logic of the dynamic interrelationships 
across the system's network of constituent entities and their 
interactions with external conditions, whereas the software 
interface only supported the modelling of absolute geometry 
that is based on explicit angles and dimensions, and that has no 
awareness of the interrelationships of its constituent entities and 
no interactions with external conditions. I realised that I needed to 
follow the initiative of these pioneers and engage with the inner 
workings and conceptual frameworks of the computer. Since then, 
creative design computation has become an integral part of my 
design practice and has allowed me to engage the computer in 
completely new ways. 
A further motivation for undertaking this research stems from an 
observation I made in my practice as lecturer in architectural design 
and communications. I have noticed progressively that students 
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are increasingly making their designs software-dependent and that 
they thus lose sight of the idiosyncrasies of their employed tools. 
This seems to have led to a growing tendency to generate designs 
that mimic the latest tools and techniques in vogue. This uncritical 
use of software often confuses style with design, resulting in a 
homogenised architectural vocabulary in which a stylish use of 
techniques displaces design ideas. 
Lastly, my review of available literature and my personal experience 
at numerous national and international conferences asserts that 
research into the transformative effects of design computation on 
architectural practice is dominated and skewed by a theoretical 
discourse among non-practitioners and by a technical discussion 
that revolves around the rationalisation and optimisation of 
geometry, as well as the streamlining, processing and automation 
of fabrication information.
This project-based PhD counteracts this imbalance and contributes 
to the discourse by providing a discussion of the transformative 
effects of creative design computation from the perspective of 
an architect for whom it is an integral part of design practice. This 
discussion is held through a series of worked examples that were 
undertaken within the context of the authors 'live' practice.
RESEARCH PROBLEM AND QUESTION
From this personal experience I identified a recurring twofold 
problem with the status of existing predominant design software 
within architectural practice. The first part of the problem is 
philosophical and is centred around the discrepancy between 
a worldview that is based on emergent relational phenomena, 
dynamics and behaviours, and the state of existing design software 
tailored for the profession, software that is based on determinacy, 
stasis and the modelling of explicit geometry. Proposing that the 
interrelations and interdependencies central to this worldview are 
an important novel paradigm for design, this research argues that it 
is paramount for the design profession to adequately engage with 
and respond to a world defined by constant change. The second 
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part of the problem is cultural and concerns artistic creativity and 
design innovation. As the use of digital technology increasingly 
surpasses the use of traditional media within the discipline, ready-
made software becomes an important new limiting condition on 
architectural practice and design innovation.
Out of this practice-based problem I developed the following two 
interrelated research questions. The initial question with which I 
started the research can be stated as: 
What can designers do when their creative capacity 
is straitjacketed by ready-made software and this 
condition sets a limit to their ability to innovate 
when engaging digital design approaches?
The second research question, which builds on this initial 
question, emerges out of the hypothesis that architects will 
increasingly take initiative and actively engage in creative design 
computation, changing from mere consumers of ready-made 
software to designers of bespoke computational design tools. 
If we assume this hypothesis to be true and we accept Andrew 
Benjamin's assertion that 'precisely because architecture is a 
practice – where the term practice includes aspects that range 
from education, the organisation of the office, as well as the process 
of design – the incorporation of a new technology, bringing with it 
fundamentally new sets of techniques, carries the potential to have 
a transformative effect’ (Benjamin 2004, p.55), then we need to 
consider a more overarching research question. It can be stated as 
follows:
How does a creative engagement with design 
computation transform architectural practice?
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RESEARCH SETTING AND METHODOLOGY 
In order to answer these two practice-based questions, I conducted 
the research within the 'live' practice of my architectural design 
firm MESNE Design Studio, as well as within the academic and 
educational contexts of RMIT University.
This 'PhD by Project' employs the following two research 
instruments throughout this investigation. Research Instrument 
One is an applied project-based investigation that is based on 
Frayling's ‘research through design’ method (Frayling 1993). 
Research through design, which within literature is often also 
referred to as ‘research through practice' (Archer 1995, p.11), 
‘project-grounded research’ (Findeli 1999, p.2), 'action-research by 
project’ (Seago & Dunne 1999) or 'practice-led research’ (Cross 
2001), differs from alternate research methods, such as 'research 
into design’ and ‘research for the purposes of design’. Research 
through design describes a qualitative research method 'in which 
design practice has a central methodological role' (Findeli 1999, 
p. 2). In this method, the core competence of design – the act of 
designing – plays a central role as the research activity is carried 
out through 'the medium of practitioner activity' (Archer 1995, 
p.11) and with 'the tools of design, i.e. mainly with its more original 
and specific feature: the project' (Findeli 2000). The role that the 
act of designing plays as a method of research is well described 
by Peter Downton in his studies Design Research (Downton 
2003) and Design Research Studies: Ten Epistemological Pavilions 
(Downton 2004). Within these studies, Downton demonstrates 
how the act of designing can be used as a mode of inquiry and 
a process of knowledge generation in which knowledge grows 
during the processes of design. Downton's research affirms 
Frayling's suggestion that research through design is ‘achieved 
and communicated through the activities of [...] design’ (Cross 
2001, p.5) and coincides with the observations made by Joep 
Frens (Frens 2007) and Beat Schneider (Schneider 2007) in 
Ralf Michel's publication Design Research Now: Essays and 
Selected Projects (Michel 2007). These studies underline that 
this research method is well-suited for explorations within creative 
design disciplines in which a design project is used as a research 
12I N T R O DUCT I O N
instrument for exploring and testing and demonstrate how new 
knowledge is to some extent manifested and encapsulated in the 
designed artefact. As Findeli suggests, the main aim of this type 
of research is not in carrying out just another design project, but 
instead to use the design project as a laboratory or terrain and to 
find the contribution to a better design practice at short or long 
term' (Findeli 2000). 
Research Instrument Two is a scholarly engagement with 
available literature in the fields of design, philosophy, science and 
information technology and a review of the work of others. 
While this 'PhD by Project' is first and foremost conducted as 
an applied project-based investigation located within the 'live' 
practice of my architectural design firm MESNE Design Studio, 
as well as within the academic and educational contexts of RMIT 
University, the two research instruments discussed previously were 
not employed in a linear way, but instead in a continuous, iterative 
process that allowed me to apply and test the knowledge gained 
from the literature within my project-based mode of inquiry and vice 
versa, allowing both to mutually influence and inform each other. 
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STRUCTURE OF THE PHD
Following this Introduction, this document is organised as follows:
Chapter Two: Ecologies of Practice introduces and describes 
the conceptual framework that underlies the investigation. The 
chapter commences with an outline of the shifting philosophical 
context that underpins and informs the research. Following this 
section, I discuss the relationship between practices of design 
and practices of representation and their ongoing metamorphosis. 
The chapter ends with a description of the practice context – my 
personal design practice MESNE Design Studio – within which I 
have tested the proposition. This description comprises a detailed 
account of the formation of my practice, which is brought into 
connection with a wider philosophical discourse revolving around 
the transforming nature of disciplinarity.
In Chapter Three: Topologies of Encounter I describe and 
discuss a series of chronologically arranged architectural design 
projects that I have undertaken as part of this research.  The 
projects are developed within three main categories. Each category 
relates to one of my practice contexts. The first project category 
is developed through teaching projects, the second one through 
developing design tools for others and the third through developing 
and appropriating ready-made software in order to make my own 
bespoke design tools. Within each of these three contexts I probe 
the transformative impact of creative design computation. 
In Chapter Four: Conclusion I summarise and evaluate the 
findings of my applied project-based investigations and discuss 
their philosophical, cultural and methodological implications for the 
future of architectural design practice. 
In the Bibliography section I give an overview of my scholarly 
engagement with available literature that makes up Research 
Instrument One and informs the research.
In the Appendix I give an account of the array of by-products that 
the project work of Chapter Two generated during the tenure of 
this PhD. 
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ECOLOGIES OF 
PRACTICE

The thought of every age is reflected in its technique.
      Norbert Wiener 
 
A new language requires a new technique.
     Philip Glass
2 I use the word science 
here to mean both 
the cognition and 
processing of the world 
that surrounds us for 
practical creative purpose, 
as well as a discipline 
of study in a particular 
subject or area, such 
as mathematics or 
complexity science
ECOLOGIES OF 
PRACTICE
SHIFTING PHILOSOPHICAL CONTEXTS
The history of architecture is abundant with examples of how 
innovations in architecture and transformations in its practices are 
closely linked to developments and paradigmatic shifts in science2 
and its related technology. While some authors, such as Peter 
Eisenman (Eisenman 2003, p. 36), Antoine Picon and Alessandra 
Ponte (Picon & Ponte 2003) and Charles Jencks (Jencks 1995, 
1997a, 1997b), evaluate these interconnections between 
science and architectural practice from more general historical 
and contemporary perspectives, others examine this relationship 
more specifically in terms of the development of scientific and 
bio-medical imaging techniques (Kepes 1965, 1966a, 1966b; 
Minifie 2004, 2010; Vesalius 1543), the expansion of models and 
concepts in the fields of mathematics (Burry & Burry 2010; Evans 
1995; Migayrou & Mennan 2003) and contemporary network 
theory (Burke & Tierney 2007; Schork, Burrow & Minifie 2009) 
and their impact on architectural design practice. As Eisenman 
suggests, ‘since the Renaissance, architecture has confronted 
scientific and theoretical concepts of time and space, both physical 
and biological. This is because architecture defined itself with 
respect to the natural' (Eisenman 2003, p. 36). It could therefore 
be argued that whenever the underlying explanatory models 
of nature change and organisational paradigms shift, so does 
architectural practice. 
Since the 1960s, complexity science has moved from a peripheral 
position to a central one and has replaced a paradigm based on 
mechanics and stasis with a paradigm based on dynamics. As 
philosopher Karl Popper argued in his seminal lecture Of Clocks 
and Clouds (Popper 1966), the predictable mechanistic clock was 
replaced by the indeterminacy of the cloud as the predominant 
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organisational model of our world. This new paradigm reflects 
the changes in science, technology, culture and society and has 
led to a shift in attention from the formal to the organisational 
(Alexander 1966b; Allen 1999; Gregory 2003; Jencks 1995). 
This shift in perception brings with it also an important shift in 
sensibilities, namely a move towards a topological understanding 
of and engagement with the world of which we are part. As various 
authors, such as Charles Jencks and Peter Eisenman argue, the 
interrelations and the interdependencies central to this worldview 
are an important novel paradigm for design and accentuate that it 
is paramount for architectural practice to adequately engage with 
and respond to a world defined by constant change (Eisenman 
2003; Jencks 1995, 2011), a position I strongly agree with and 
consider central to my practice and to the argument of this PhD.3
Complexity science and applied mathematics provide simple 
explanatory principles and models and develop algorithms that 
allow the simulation of the dynamics and the emergent behaviour 
of complex self-organising systems of both the natural and the 
man-made world. These algorithms allow for the modelling of 
mutual dependencies between the constituent parts and the 
investigation of the resulting pattern formations that exist in 
natural phenomena, stochastic systems and emergent forms. This 
approach is characterised by an emphasis on low-level (local) 
formative processes that evolve design configurations in relation 
to high-level (global) performance. Sanford Kwinter describes this 
conceptual engagement with the underlying formative processes 
as the difference between form and object, where form is the 
'ordering action, a logic deployed, whereas the object is a manifest 
variation or expression of this logic’ (Kwinter 1994). In this view, 
form and behaviour emerge from the underlying processes of 
complex systems. As Michael Meredith argues, 'within this new 
discourse, meaning can be constructed locally and relationally' 
(Meredith 2008, p.7). What could previously be described only in 
terms of its appearance can now also be explained in terms of its 
behaviour.
The idea that computation might at once be a proposition for an 
apt underlying organisational logic of complexity, while at the same 
3 I expand further on this 
point in the description 
of my design practice 
MESNE Design Studio.
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time providing the means and methods to design a multitude of 
such organisational systems and to establish interfaces between 
and across them, is an intriguing prospect for any designer, like me, 
who is interested in engaging these systems for design. In order to 
achieve this, it is ‘our task as architects to construct new tools and 
new algorithms capable of producing the complex environments 
necessary to our present conditions’ (Eisenman 2003).
As a result, there has been in architecture an increasing turning 
away from the design of objects toward the design of systems 
and procedures that bring them into being. The ambition of 
this approach is to move from single system differentiation to 
association of multiple subsystems in which changes in any 
one level of the system are linked to changes in another level 
(Alexander 1966b; Allen 1999; Frazer 1995; Schumacher 2008; 
Shea, Aish & Gourtovaia 2003). 
METAMORPHOSIS OF PRACTICES OF 
REPRESENTATION
Innovation in architecture and transformations in its practices 
are closely linked to technological change and practices of 
representation. The seminal publications on this subject by 
Walter Benjamin (Benjamin 1936), Donald Schön (Schön 1967), 
William Braham and Jonathan Hale (Braham & Hale 2007), 
William Mitchell (Mitchell 1999; Mitchell 2001; Mitchell, Inouye 
& Blumenthal 2003) and Yehuda Kalay (Kalay 2006) assert 
this statement. For example, inventions such as the compass, 
perspective drawing, projective geometry and the computer 
have had a direct impact on architectural practice, including its 
conceptual vocabulary, assumptions and understanding of space 
and form; its practices of design and making; its practices of 
representation; its educational curriculum; its organisation of the 
office, and its disciplinary field of operation and the designed 
object. Various authors discuss this relationship between 
architecture's practices of representation and its intended 
product in terms of an interdependency between employed tools, 
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techniques and media and the designed object (Cook 2008; 
Evans 1995, 1997; Gänshirt 2007; Panofsky 1997; Pérez Gómez 
2002; Robbins 1994). For example, in their book Architectural 
Representation and the Perspective Hinge, Alberto Pérez Gómez 
and Louise Pelletier underline by means of the perspective 
drawing how tools of representation have a direct influence on 
the conceptual development of design and the generation of form 
(Pérez Gómez & Pelletier 1997). Similarly, Thomas Kvan argues 
that modes of representation change the way we understand 
and design a building (Kvan 2004). He highlights: 'the act of 
designing requires the designer to engage representations of the 
designed object. Representations thus play a significant role in 
the design process: as a mode of conversation, communication 
or documentation. Representations embed ideas, knowledge 
and reasoning (decisions) through sketches, drawings, physical 
models, digital models, or mathematical models’ (Kvan 2004, p. 82). 
Therefore, 'how we choose to represent is as important as what we 
choose to represent. Writing about the idea engages a different 
part of your cognitive capacity than drawing it’ (Kvan 2004, p. 83).
Furthermore, practices of representation impact not only on our 
practices of design and making, but also on us as designers 
and on our social interactions. In his anthropological study Why 
Architects Draw, Edward Robbins discusses how the architectural 
drawing is not only an instrument for internal dialogue, but also a 
means for defining and structuring social interactions. As Robbins 
states, the architectural drawing 'sets limits, defines agendas, and 
creates social hierarchies' (Robbins 1994, p. 297). This concurs 
with Sherry Turkle's observation that tools of representation 'shape 
the identities – professional and personal – of those people who 
employ them' (Turkle 2009, p.131) and with Mitchell, Inouye and 
Blumenthal's findings that ‘first we make our tools; then our tools 
make us' (Mitchell, Inouye & Blumenthal 2003, p. 3). A similar 
observation is made by Tony Fry, who argues that a 'practice marks 
the mind and identity and, in some cases, the practitioner's body. 
It's both owned by and owns this person' (Fry 2009, p. 19).
While any new tool, technique and medium can add to the range 
of ways in which architecture can be practiced and, as Turkle et al 
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suggest, can 'encourage new epistemologies’ (Turkle et al. 2005, 
Section C, p. 2) they also have their limits. Alberto Pérez Gómez 
asserts this claim and stresses that ‘tools of representation are 
never neutral’ (Pérez Gómez 2002). It is vital for designers to be 
aware of the fact that each medium and tool ‘has their own rules 
and ways of working, their limitations and possibilities’ (Gänshirt 
2007). Any designer who is unaware of the idiosyncrasies of the 
media and tools she employs will potentially pay the costly price of 
having her creativity hijacked and being forced to move her design 
in a direction that she did not intend. As Ivan Illich observes, 'tools 
are intrinsic to social relationships. An individual relates himself 
in action to his society through the use of tools that he actively 
masters, or by which he is passively acted upon. To the degree that 
he masters his tools, he can invest the world with his meaning; to 
the degree that he is mastered by his tools, the shape of the tool 
determines his own self-image. Convivial tools are those which give 
each person who uses them the greatest opportunity to enrich the 
environment with the fruits of his or her vision' (Illich 1973).
With the use of digital technology increasingly surpassing the use 
of traditional media within architectural practice, the prescriptive 
use of ready-made software becomes an important new limit 
condition on architectural practice and design innovation. As 
Gerfried Stocker argues, 'software sets the standards and norms' 
(Stocker 2003, p. 10). Mitchel et al. make a similar observation 
and emphasise that 'software tools encode numerous assumptions 
about the making of art and design — precisely the sorts of 
presuppositions that truly creative practitioners will want to 
challenge. And the more software tools emphasize ease of use 
or familiar metaphors, the more they must depend on restrictive 
assumptions in order to do so' (Mitchell, Inouye & Blumenthal 
2003, p. 3). Alexander Galloway and Eugene Thacker further 
strengthen this argument through their suggestion that 'software 
increasingly determines what can be designed, constructed and 
even how design occurs' (Galloway & Thacker 2006, p. 26). 
Mark Burry suggests that ‘the antidote to this implied prescription 
[prescribed use of software, which puts limitations on the creativity 
of the designer by the software engineer] is some degree of 
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programming, either at the level of basic (scripted) customisation, 
development of iterative approaches to design within the software, 
or allowing complete access to the working code of the software’ 
(Burry 1997, p. 492). Burry further suggests that 'the advisability 
for the rekindling of any initiative for architects to produce 
design software for themselves cannot be argued’ (Burry 1997, 
p. 493) and that 'scripting is vital in design' (Burry 2011, p. 16). 
This assertion coincides with Mike Silver's suggestion that the 
architectural design community will play a more active role in the 
future development of software. He suggest that the development 
of bespoke design tools and 'fully-fledged' software will become 
a familiar part of architecture’s design culture, and that ‘it is only 
a question of time (...) before software development becomes an 
integral part of the building design process, before the programmer 
and the architect become the same individual and when the 
ability to write code replaces “drawing” as “the true mark of one 
fully socialised into the profession”' (Silver 2009, p.96). As Burry 
observes, ‘we are at the cusp of a new era, where architects have 
the ability to build their own tools from open-source libraries’ (Burry 
2011, p.148).
By actively engaging in creative design computation in order 
either to customise existing ready-made software or to design 
their own software from the ground up, designers are offered the 
opportunity to combine creativity with simultaneous engagement of 
the constraints of building design and construction. There are wider 
implications for architects learning to manage their relationship 
with the computer by interacting with its internal workings. As 
Phillip Morel suggests, 'computation leads to the most global 
and radical transformations. Have we not begun to see, here and 
there, the emergence of an entirely new situation in all areas of 
production, the same production that was once analysed in depth 
by Sigfried Giedion?' (Morel 2007). 
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FORMATION OF PRACTICE
I established the architectural and urban design practice MESNE 
Design Studio4 with Paul Nicholas in Melbourne in 2005, and 
Jerome Frumar joined the studio as a partner in 2007.5 We met 
while studying architecture at RMIT University and, at the time, Paul 
and I rented a studio space in the Central Business District with six 
other designers, most of them architects.
The studio was founded based on our core belief that traditional 
models of practice fall short of addressing the challenges of a 
changing epistemological context and its complex contemporary 
social and cultural conditions.6 From its inception we set up the 
studio as a collaborative transdisciplinary design hub, a network 
fostering a diverse design culture and connecting diverse 
disciplines, researchers, artists, institutions and places.7 
This network is not static and closed, but is dynamic and open, 
and affords individuals to operate both independently and as a 
collective at the same time. In this relational practice model all parts 
are allowed to mutually inform, complement and transform each 
other. This is achieved by enabling individuals to foster existing 
active connections within the expanding network, as well as to 
establish new ones. Manuel DeLanda describes this practice model 
as a 'non-linear system displaying emergent properties' (DeLanda 
2000), a notion that is further expanded by Tom Wiscombe in 
his essay Emergent Models of Architectural Practice, in which 
he discusses this kind of practice as being 'co-evolutionary' 
(Wiscombe 2006). As Wiscombe observes, 'within the realm 
of architectural practice, an emergent network is more than an 
arrangement of expertise or an overlapping of spheres of influence. 
It is a collective which exhibits emergent behavioural patterns 
that are unpredictable by examining the behavioural patterns of 
its parts. Beyond simple collaboration, which is the result of an 
alignment of interests, an emergent network can create new and 
complex coherences out of divergent interests' (Wiscombe 2006, 
p. 60).
Operating through these continuously evolving active relationships 
gives my practice 'the ability to reshape and reorganise' (Burke 
4 www.mesne.net
5 Since 2009 the practice 
works globally as one office 
from two locations, Melbourne 
and Copenhagen
6 Throughout the PhD I employ 
the term practice repeatedly. 
Unless specifically noted, 
I use to the term in its 
interwoven meaning, which 
includes ‘education, the 
organisation of the office, as 
well as the process of design’ 
(Benjamin, A 2004, p.55).
7 This is reflected in the name 
of the practice. mesne (adj.): 
intermediate, mean.
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& Reinmuth 2012, p. 13).  It is through this understanding of 
an inherent "plasticity" of practice that makes a practice 'more 
like an organism: a living, dynamic, metastable entity that needs 
to be engaged with as such’ (Pérez Gómez 2006, p. 20). This 
understanding is vital not just to my practice but to the profession 
in general, as it 'activates the architect as a designer of situations 
of agency and potentiality, engaging political, cultural and economic 
factors as opportunities for real innovation not limited by traditional 
practice boundaries’ (Burke & Reinmuth 2012, p. 15).
In his essay One step towards an ecology of design: fields of 
relations and bodies of knowledge, Christopher Hight argues a 
similar point. He questions the predominant conceptualisation 
that the discipline of architecture is autonomous and demarcated 
by a clearly defined body of knowledge. Hight argues that the 
notion of a body of knowledge is no longer an appropriate model 
for an increasingly transdisciplinary practice and suggests that 
what is required is a conceptual shift 'towards an ecology of the 
architectural mind' that understands disciplinarity as an 'ecological-
LEFT
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informational model' (Hight 2011). Hight describes this model 
as a 'field of relations', 'a topological surface constructed through 
the material practices at any given moment and which can be 
continually enfolded to produce different configurations and 
constellations' (Hight 2011, p. 32). Even though Hight does not 
explicitly refer to Pierre Bourdieu in his essay, his model of an 
intellectual field seems to build on Bourdieu's relational model of 
thought to cultural production (Bourdieu 1993). Let us consider 
this model in terms of Jakob Johann von Uexküll’s8 concept of 
Umwelt (meaning the ‘environment’, or ‘surrounding world’). It is 
within this set of specific conditions of this Umwelt and through a 
reciprocal feedback with it that 'the shaping of practice then must 
be something understood as having a two-way effect: a practice 
is shaped by the practitioner, but a practitioner (and a discipline) 
is also shaped by a practice' (Burke & Reinmuth 2012, p. 15). 
‘Practice’ in this context must then be understood both as a verb, 
'an imperative to action' (Burke & Reinmuth 2012, p. 14), and 
as a noun, 'the contextual dependency of practice and thus its 
contingent and relational nature' (Burke & Reinmuth 2012, p. 14). 
As Pierre Bourdieu observes, a practice is a product of a habitus or 
a 'discourse of familiarity' (Bourdieu 1972, p. 18) and 'any identity 
or coherence through time is therefore provisionally determined 
in terms of representation and subject matter, an epiphenomenon 
produced by the manner in which one operates in the field’ (Hight 
2011, p. 32).
In many ways the relational transdisciplinary nature of my practice 
internalises both Hight's 'ecological-informational model' that 
describes a 'field of relations' (Hight 2011) and Bourdieu's notion 
of a relational model of thought to cultural production (Bourdieu 
1993). This has allowed me not only to remain agile and resilient, 
but to construct my own unique field of enquiry, leaving behind 
the notion of the disciplinarity of architecture as a bounded 
and autonomous body of knowledge. In my own practice I am 
primarily interested in what this ecological thinking represents 
as a philosophical stance and as a habit of mind in respect to all 
aspects of our knowledge systems and our experiential world. This 
commitment to in-between thinking and process and the pursuit 
8 Jakob Johann von Uexküll 
is regarded as the father of 
the 20th century notion of 
ecology.
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of a creative collaborative transdisciplinary practice brings with 
it an exchange and combination of concepts, technologies and 
tools from other disciplines. It is this exchange and combination of 
existing concepts in new ways that is at the heart of my creative 
practices in general (Mitchell, Inouye & Blumenthal 2003, p. 95).
This exchange forces me continually to learn and to rethink myriad 
aspects of my practice: my established conceptual vocabulary, 
assumptions and understanding of space and form; my practices 
of design and making; my practices of representation; my field 
of operation, and my agency. As Wiscombe argues, 'what is at 
stake (for architectural practice) is more than a reorganization 
of hierarchies in architectural organizations; it is the birth of an 
entirely revolutionary way of thinking about the production of ideas 
in general' (Wiscombe 2006, p. 59). 
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TOPOLOGIES OF 
ENCOUNTER 
This PhD engages a specific Zeitgeist, a climate comprising a 
particular ecology of architectural practice. It is within the set 
of specific conditions of this ecology and through a reciprocal 
feedback between its constituent parts that each of the following 
projects has formed. As such, each of these projects has a certain 
temporality. 
Creative design computation is an important part of my design 
practice and I frequently take initiative and develop bespoke design 
tools in order to enable the kind of design processes that I am 
interested in. Computation is the lingua franca between increasingly 
information-based knowledge domains and my active engagement 
with it enables me to escape from one range of assumptions – a 
context – with the aid of another context that at a first glance 
might seem at odds with the first, but that provides me with a new 
way of viewing what I thought I already understood. Each project 
posits new and different ways of navigating this rich design space, 
which is both an area of productive overlap and terra incognita, 
and forms an open framework that allows me to reformulate 
architectural themes and speculate about what constitutes an 
architecture practice. The assemblage of projects cross-pollinates 
the worlds of architecture, urban design, engineering, the arts, 
mathematics, and material, computer and medical sciences, and 
spans a wide spectrum of scales. These include one software 
plug-in (CloudNets), one table (Pricking), two architectural screens 
(ScreenResolution; Phar Lap), two installations (Cloud Chamber; A 
House for Hermes #07), one medium-scale building (Architecture, 
Building and Planning (ABP) Building at the University of 
Melbourne) and one urban structure (Melbourne Harbour 
Esplanade).
Most of these projects are experimental and 'extend through 
and beyond the traditional architect's focus on buildings' (Burke 
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& Reinmuth 2012, p. 20). This is my deliberate act and reflects 
Awan, Schneider and Till's observation that 'the concentration 
on the building as the primary locus of architectural production 
brings with it certain limitations' (Awan, Schneider & Till 2011, 
p. 27). The diversity of the projects and the fact that the majority 
of these projects were undertaken by a varying and collaborative 
transdisciplinary design team is not incidental but is an important 
dimension, as it reflects the deliberate approach of my practice. 
In each project I examine the potential opportunities and discuss 
and evaluate the resulting transformation that my creative 
engagement with design computation has had on specific parts of 
my practice. 
While in the majority of these projects I took the initiative to engage 
creative design computation, the bespoke design tools developed 
for the Architecture, Building and Planning (ABP) Building at 
Melbourne University and the Melbourne Harbour Esplanade 
result from being engaged by two different Melbourne-based 
architectural firms who did not have the expertise themselves.
The presented project work has also generated a diversity of by-
products in the form of peer-reviewed publications, public lectures, 
exhibitions, teaching engagements and funded research products 
within both a national and an international context.9
9 See the Appendix for a full 
list of publications, talks and 
exhibitions.
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SCREENRESOLUTION, 2007
PROJECT AIM AND PRACTICE CONTEXT
ScreenResolution initiates my investigation by probing the 
possibility of a collaborative design practice around creative design 
computation. Such a practice is in contrast to the predominant 
approach in which an individual single-handedly develops a 
bespoke design tool by herself, eventually programming it 
in a manner that is only understandable to herself. However, 
architectural projects are collaborative and involve many authors. If 
we look to other disciplines in which computation is a vital activity, 
for example the gaming industry, it is apparent that coders never 
work alone. Assuming that creative design computation becomes 
an integral part of architectural design practice, there is a need 
for frameworks that enable designers to code collaboratively. 
ScreenResolution develops and tests such a framework within a 
small group of designers.
The project explores both of these questions through the design 
and fabrication of a 1:1 scale prototype of an architectural screen 
made from non-standard components. The screen was developed 
in response to a concrete brief for a specific site10 and within the 
educational context of a twelve-week-long technology seminar 
titled OptionExplicit.  The seminar was run by me and my practice 
partner Paul Nicholas in the Department of Interior Design at the 
School of Architecture and Design at RMIT University. The screen 
is developed through a designerly engagement with concepts, 
processes and models derived from developmental biology, 
such as morphogenesis, growth, adaptation and part-to-whole 
relationships (genotype and phenotype), might be used for design, 
thereby informing and transforming the architectural discipline's 
established conceptual vocabulary, assumptions and understanding 
of space and form, and its practices of design and making, as 
well as its practices of representation.11 Within this project, these 
concepts are appropriated in order to establish a set of active 
relationships between a digital model’s representation, environment 
and intended materialisation. By means of creative design 
computation, this project tests the encoding of parameters relating 
10 While the screen was 
specifically designed for an 
exhibition at RMIT University, 
it was later also exhibited in 
the Euroluce showroom as 
part of the State of Design 
festival in Melbourne in 2007 
and in the Homo Faber: 
Modelling Ideas exhibition at 
the Melbourne Museum in 
2007.
11 Other designers have 
demonstrated how 
these concepts might be 
successfully employed in 
a design project. I would 
like to draw specific 
attention to the work of 
John Frazer (Frazer 1995; 
Frazer et al. 2002) and 
Natalie Jeremijenko’s 
OneTrees project (http://
www.nyu.edu/projects/
xdesign/onetrees/).
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to environmental influences as well as to material, fabrication and 
assembly logics into a digital model. Such a context-responsive, 
materially aware digital model would enable the active use of these 
parameters as key design drivers, informing all possible design 
configurations from the beginning of the design process. 
The techniques employed in this project are a combination of 
top-down explicit geometry modelling and bottom-up generative 
scripting. The creative design computation is a combination of 
RhinoScript™, the endemic scripting language of Rhinoceros™, and 
Visual Basic for Applications™ (VBA). Prior to commencing this 
seminar, none of the seven students had used Rhinoceros™ or had 
experience in any form of creative design computation. In this way, 
the project demonstrates designers going ‘beyond simply operating 
the medium using the given software interface’ (Burry 1997, p. 
492) and engaging in creative design computation to modify and 
customise existing software in order to achieve their creative 
ambitions and to enable the kind of design processes in which they 
are interested. 
ENGAGING PATTERN (IN)FORMATION 
At the beginning of the seminar we introduced the group of 
students to processes of formation that operate within the 
physical world in both living and non-living complex, adaptive, self-
organising systems. Following a brief explanation of concepts and 
processes from developmental biology, such as morphogenesis, 
growth, adaptation and the relationship between genotype and 
phenotype, we set the students the task of investigating naturally 
occurring surface tessellations for their underlying ‘generative 
code’. The aim of this task was not to produce 'bonsai architecture' 
(Meyer-Stump 2006) – small scale representational models of 
something already existing – but instead to look at the level of an 
individual cell component of the chosen pattern (for example, a 
hexagon for a honeycomb structure) and to define this genotypic 
base component as a set of geometric relationships. Following 
this initial exercise we introduced the students to a range of 
programming procedures that enabled them to transcribe the 
identified set of geometric relationships of their base component 
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into a programming procedure that would initially create a 
single generic component as geometry in Rhino™, followed by 
instantiating this generic component over a single surface and later 
growing it in between two boundary surfaces. In successive steps 
we introduced a set of strategies and procedures that established 
an active relationship between the generic component (genotype) 
and its environment, such as using the information contained within 
the host surface(for example its principle or mean curvature) as a 
parameter that leads to a change in the instantiated component 
(phenotype). At this point we challenged the students to build 
a scale physical model of their digitally generated structure, 
which most students were unable to do as none of their digital 
explorations embedded any material constraints or considered 
assembly logics. 
ENGAGING CONSTRAINTS
The architectural brief asked for only one screen, which needed to 
provide shelving for the display of architectural models and to act 
as a projection surface for multimedia projections, and could also 
be used as a spatial divider for a student lounge, creating a room 
within a room. The group decided to continue with the honeycomb-
based structure as it seemed most promising to fulfil the various 
programmatic requirements.
An active relationship between a digital model and its environment 
requires that the digital model is able to receive external 
environmental information and to process this information 
internally, triggering a response in the model. In order to achieve 
this we employed a combination of explicit (top-down) and 
generative (bottom-up) design approaches. 
On the level of the design environment all geometries are explicitly 
modelled using standard modelling techniques in Rhino™. All 
programmatic requirements are placed as a series of locators, with 
a weighted field of influence, within a three-dimensional model of 
the exhibition space that also contains two NURBS surfaces that 
define the location of the screen in the corridor space. These two 
surfaces also define the boundary geometry between which an 
array of genotypic base component is seeded.
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On the level of the genotypic base component we gave each 
student the task of investigating one particular area of individual 
design interest and of developing a procedure that enables the 
component to receive external environmental information and to 
process this information internally, triggering a local behaviour of 
cellular differentiation. The students chose screen colour, screen 
porosity, lacing and light transmission as interests they wanted 
to explore. Most of these were implemented using a proximity-
based strategy that calculates the distance between the centroid 
of each cell and the programmatic locators. For example, if a 
cell is within the range of influence of a locator for multimedia 
projections, a closed component type is generated, while the 
proximity to a locator that defines the area for the student lounge 
triggers a colouration of the component. The resulting individual 
cell character is an accumulative response that synthesises the 
influence of all the different locators within the exhibition space.
THE MAKING OF THE SCREEN
For the production of the final screen, three further constraints 
needed to be considered.
The first constraint was that the fabrication and assembly logic 
of the screen needed to reflect the component-based design 
intention. This meant that the screen needed to be constructed 
out of individual cell components. Learning from their earlier 
experience of failing to build a physical model of their digital 
explorations, the students built a number of physical prototypes 
that gave them an in-depth understanding of the material system 
employed and of the assembly process. Out of this knowledge 
they developed their own fabrication and assembly logic that was 
inspired by the fabrication of packaging products, which are cut out 
ABOVE
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of flat sheet material and then follow a specific folding sequence 
along lines that are scored into the material. After studying and 
testing this fabrication and assembly logic on 1:1 scale models, the 
students embedded the material and fabrication constraints into 
the programmed description of the genotype.
The second constraint was a material constraint and required 
that the entire screen be constructed out of twenty 1.8 x 3.6m 
corrugated cardboard sheets, 4mm thick, that were an in-kind 
donation from a local company. This set a definite limit on the 
overall size of the screen. 
The third constraint was a fabrication constraint and required 
that every element of the screen be fabricated with an A1-sized, 
numerically controlled flatbed cutter that we had available to use. 
This meant that, once unrolled, no component within the entire 
assemblage could be bigger than the maximum bed-size of the 
available flatbed cutter.
Both of these latter constraints affected the overall density and 
number of used cells. For example, while a higher density of cells 
resulted in individually smaller cells, the overall number of cells 
increased and therefore the material required also increased. The 
group embedded both of these constraints into the generative 
process through a procedure that constantly calculated the 
required overall surface area of the design and checked it 
against the available material. In scenarios in which the required 
material exceeded the available material, the procedure gave 
instant feedback, requiring a decrease in the number of individual 
components within the screen.
Converging modes of representation
With this knowledge of material and fabrication constraints in 
mind, the development of the generative design tool of the screen 
was constantly informed by the simultaneous making of scaled 
physical prototypes. These prototypes tested the connection details 
between individual components and their assembly logic, the 
properties of the cardboard material and the fabrication constraints 
of the flatbed cutter. This constant moving back and forth between 
the different modes of representation, the code, the digital 
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geometries and the material prototypes established a feedback 
loop that enriched both our understanding and the quality of the 
designed object.
Component-based authorship
As mentioned earlier, the second aim of this project was to 
explore the possibility of establishing a collaborative design 
practice around creative design computation and to investigate 
the implications for a group of designers working together and 
collectively developing and working on one program. We achieved 
this aim by establishing a common protocol at the outset of 
the seminar to which all participants needed to adhere strictly. 
Not unlike existing office protocols currently in use for naming 
conventions of layers in the use of CAD software, our protocol 
clearly defined naming conventions for common parameters 
and syntax. Throughout the entire semester we also required all 
students to share their developed procedures with everybody in the 
class and to collectively build a library of procedures. Both of these 
approaches established a practice in which all students were able 
to understand and edit the procedures of one another.
The two bespoke tools employed for the design and fabrication 
of the final screen are compiled from the developed library 
of procedures, giving the project not just a single author. The 
generative design tool develops a honeycomb-based structure 
that is able to adapt to diverse performance requirements through 
the modulation of the system's inherent geometric and material 
parameters while remaining within the limits of the available 
fabrication technology and allowing one to iteratively explore 
possible design configurations of the proposed screen within the 
exhibition space. The fabrication tool automatically produces all the 
required information for digital fabrication by extracting the two-
dimensional cutting pattern of each individual cell from the digital 
model, labelling and placing it on a cutting sheet.
The screen was displayed at the RMIT architecture gallery. The 
final screen is a field, consisting of an array of non-standard 
components that individually adapt to environmental influences, 
generating local variations of porosity and colour, and the 
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interplay of light and shadow. As a field, the screen is not explicitly 
prescribed, but emerges out of a collective behaviour of local cellular 
differentiation, capturing a moment in a continuous state of change. 
PROJECT SUMMARY
The project successfully develops a framework that made it possible 
for a group of students to engage in a collaborative design practice 
around creative design computation.  By establishing a common 
protocol that clearly defines common parameters and syntax, it was 
possible for the group of students to collectively design and develop 
a bespoke computational tool, giving the project not one but multiple 
authors.
Furthermore, the project demonstrates how an engagement with 
creative design computation enables designers to customise 
ready-made software and allows for the design of bespoke 
design instruments that enable dynamic design processes within 
a static, explicit modelling environment. Appropriating processes 
and concepts from developmental biology, the project not only 
illustrates how it is possible to achieve greater variety and subtlety 
in a design than would have been possible using traditional means 
and media, but also exemplifies how it is possible to construct active 
relationships between a digital model's representation, environment 
and intended future materialisation. By means of creative design 
computation it was possible to encode architectural design intent as 
well as material and fabrication constraints as a series of geometric 
attributes into a digital model. Furthermore, by establishing an 
interface between the digital model and the material practice of 
architecture it was possible to use the information contained within 
the digital model directly for fabrication. As Ramsgard Thomsen and 
Tamke suggest, such design practices 'rupture the understanding 
of design as a more or less linear process of refinement. Rather 
than thinking of design practice as going from the schematic to the 
detailed, they present design intent in a near telescopic mode of 
thinking, suggesting a bottom-up logic, by which the detailed can 
become part of the very first design decisions' (Ramsgard Thomsen 
& Tamke 2012, p. 143).
LEFT
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While the developed computational design instrument is flexible 
and allows for the rapid modelling of design variations that are 
context-aware and materially informed, it does not allow the 
designer to interactively make changes to either the setup of the 
environment or to the parameters that are encoded into the generic 
component. This is due to a technical constraint when operating 
on the level of endemic scripting language such as RhinoScript™, 
as scripts developed in such languages first need to be compiled 
before they can be executed within the modelling software.
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RESONANT 
FREQUENCY
A SCREEN FOR PHAR LAP
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RESONANT FREQUENCY, 2008
PROJECT AIM AND PRACTICE CONTEXT
Resonant Frequency extends the research questions of 
ScreenResolution and further investigates a collaborative 
design practice around creative design computation, as well 
as  the affordance12 of creative design computation to develop 
context-aware and materially- and fabrication-informed digital 
models. Learning from ScreenResolution, where the digital model 
was developed though both explicit and procedural modelling 
techniques that explicitly defined not the actual geometry itself but 
the relationships that bring the geometry into being, resulting in a 
digital model that while being dynamic did not include persistent 
relations that could be reconfigured in real-time, this project 
employs a different set of techniques in order to develop a more 
dynamic model. The employed techniques are a combination of 
associative modelling in CATIA™ and procedural modelling in VBA 
in Excel™. The aim of this approach is to establish a programmed 
underlay in the parametric model that allows the designer to 
update the relations within the parametric model in real-time. The 
project tests these aims through the design and fabrication of an 
architectural screen. While similar in scale to the previous project, 
Resonant Frequency is designed collaboratively between two 
designers and within the live context of my design practice and 
needs to adhere to constraints of everyday architectural practice, 
such as budget and timelines..
FORMAL DEVELOPMENT
In August 2007 the Melbourne Museum engaged my design 
practice for the design of an architectural screen for Phar Lap, a 
legendary Australian racehorse. The screen was the last missing 
piece for the exhibition The Melbourne Story, to date the largest 
exhibition the museum had undertaken. The exhibition involved the 
complete redesign of the Melbourne Gallery, one of the museum's 
major gallery spaces, and when we entered the project the 
12 I use the term affordance 
here in accordance with 
Gibson, who coined 
this term in his seminal 
book The Ecological 
Approach to Visual 
Perception (Gibson 
1979). Gibson describes 
affordance as ‘an action 
possibility available in 
the environment to an 
individual, independent of 
the individual’s ability to 
perceive this possibility’ 
(McGrenere & Ho 2000).
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exhibition’s construction had already commenced on site. The Phar 
Lap showcase is the museum's major attraction and its most visited 
exhibit, and the new exhibition design relocated the showcase 
from the back to the very front of the exhibition space. The brief 
was very interesting as it was full of competing requirements and 
provided us with an ideal testing ground for a dynamic and flexible 
digital model. On one hand the screen should act as a spatial 
divider that created a room-within-a-room and provided seating 
that faced towards the Phar Lap showcase, while on the other 
hand it should guide visitors to the different parts of the exhibition. 
The screen also needed to act as a large advertisement sign for 
Phar Lap, but could under no circumstances interfere visually with 
any exhibits or parts of the exhibition design. Furthermore, the 
screen could not be fixed permanently to the floor, but needed to 
be mobile, so that in the case of the hosting of a 'major event' in 
the exhibition space, museum staff would be able to easily remove 
the screen. 13 In addition to these competing requirements the brief 
also required that we incorporate a suspended elliptic ceiling made 
of golden Extenzo® that was already manufactured and installed 
in the exhibition space. We inherited this ceiling from one of the 
six design firms who had been engaged previously to create the 
screen but who had all failed to meet the expectations of the client 
and the brief and budget, yet had somehow convinced the museum 
to commission the ceiling.
We developed a design concept that merged two iconic elements 
of gallery and exhibition spaces – the neutral white wall, and the 
curtain that is used to unveil an exhibit – and proposed to the 
client a white screen with a geometry that is reminiscent of a 
curtain or veil. We produced the initial concept design model using 
standard explicit modelling techniques in Rhino™. Once the client 
agreed to our proposed design concept, we moved the model from 
the explicit modelling environment of Rhino™ to the associative 
modelling environment of CATIA™, which involved a complete 
remodelling of the screen geometry.
13 This requirement was 
ironic, as on one hand 
the client required the 
screen to be finished for 
the exhibition opening, 
but on the other would 
not actually use it during 
the exhibition opening as 
this constituted a ‘major 
event’.
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EMBEDDING CONSTRAINTS
Within the CATIA™ model we defined an ellipse that corresponded 
with the outline of the pre-existing elliptic suspended ceiling and 
used it as a guiding curve to locate the screen in the exhibition 
space. In order to allow for glimpses of the Phar Lap showcase 
when entering the exhibition space, we defined a vantage point 
in the parametric model that introduced two cuts in the screen. In 
order to minimise weight and fulfil the requirement that the screen 
be easily movable, we also used these cuts to split the entire 
screen along its length into three parts. 
Within CATIA™ we parametrically modelled only one of these parts 
as a genotypic definition that had all the required geometry, context 
and fabrication constraints as parameters embedded into it. Using 
CATIA's™ inbuilt power copy function, we instantiated all three 
screen-parts from the same genotypic definition along a guide 
curve that was defined by the outline of the pre-existing elliptic 
suspended ceiling. As all of the screen geometry was modelled 
using parameters we were able to publish the relative position of all 
screen vertices as individual parameters to a linked design table in 
Excel™. This gave us control over every x, y and z position for each 
screen vertex. In order to achieve the desired curtain-like geometry 
of the screen we made all vertex positions dependent on the 
amplitude, period and phase parameters of a sine curve function 
that we implemented as a formula into the design table in Excel™.  
At the beginning we only used a single sine curve function, 
which resulted in a rippling effect across only the width of the 
screen, which was not the effect that we desired. As a result we 
implemented a second sine curve function that resulted in a three-
dimensional rippling effect across the entire screen. In order to get 
some further differentiation and subtlety into the folded geometry 
of the screen we employed a Cellular Automata (CA), which we 
programmed in Visual Basic using the Visual Basic script editor in 
Excel™. The CA shifted individual vertices horizontally according to 
a set distance.
Throughout the entire design phase we were in close contact with 
the fabricator who informed us about all material and fabrication 
constraints and, while the CA added to the visual appearance of 
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the screen, it also provided us with another control mechanism 
to react to required changes in the geometry of the screen due 
to material or fabrication requirements. For example, each screen 
panel was held in position by three vertical rectangular steel 
members. Two of these members were positioned on the very 
outside of each panel. The fabricator advised us that the foam 
needed to have a minimum thickness of 40mm in order to prevent 
the material from breaking, a condition that occurred at each of 
the steel members. Instead of being forced to incorporate this 
constraint within the geometric model, our modelling approach 
enabled us to implement it within the CA algorithm. 
THE MAKING OF THE SCREEN
The screen was made by a local fabricator who had prior 
experience in small-scale art and design projects. The three panels 
of the final screen are CNC-milled out of high-density foam and 
coated with a fire retardant. Each of these panels is slotted on top 
of a steel frame that also forms the substructure of the seating 
element.
PROJECT SUMMARY
Critically, this project engaged creative design computation from 
a different context than the previous project, ScreenResolution. 
Using creative design computation in conjunction with CATIA's™ 
design tables helped us escape the straitjacket of the ready-made 
software and opened up a backdoor for us to be able to control 
CATIA™ via programming. This established link between Excel™ 
and the parametric model in CATIA™ enabled us to develop a 
bespoke design tool within the programming environment of 
Excel™. The developed bespoke design tool allowed for the 
encoding of material and fabrication constraints into the parametric 
model using the behavioural logic of cellular automata and to 
reconfigure these persistent relations in real-time.
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CLOUDNETS, 2009
PROJECT AIM AND PRACTICE CONTEXT
CloudNets investigates the use of graph-cellular automata (Graph-
CA) as a modelling technique of the dynamic interrelationships 
across the network of constituent entities and external conditions 
of cities and urban formations. The project aims to enable 
architectural and urban designers to develop more broadly 
applicable design sensibilities and propositions that are derived 
from a profound topological understanding of a city as an emergent 
network and of the inherent behaviours of this network. This is 
explored by means of a bespoke computational design workbench 
that implements the concept of Graph-CA as a plug-in for the 
widely used 3D-modelling software RhinocerosTM. The workbench 
was developed collaboratively by a transdisciplinary research 
team, comprising myself, another architect, a computer scientist 
who is an expert in graph-theory, and a professional programmer. 
The developed workbench was tested and employed within the 
educational context of a series of Master's-level electives that 
I taught together with Paul Minifie and Andrew Burrow at the 
School of Architecture and Design at RMIT University. In tandem 
with introducing students to aspects of graph and emergence 
theory, the electives also gave students a general background in 
rule-based design strategies and basic programming concepts 
using RhinoScript™. In each of the electives students needed to 
investigate a wide range of emergent relational phenomena and 
translate these abstract self-organising systems of the city into 
design strategies. By means of the developed workbench and in 
conjunction with various other computational techniques, these 
strategies were explored in a series of speculative design projects. 
THE FORMATION OF CLOUDS AND CITIES
The project emanates from an understanding that a city is a spatial 
manifestation of the complex and dynamic interrelationships 
across its network of constituent entities and external conditions. 
The qualities sustained by a city are possible only by virtue of the 
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relationships between parts. These relationships may be effective 
at a small local scale (what is next door) or at a much larger global 
scale (the entire city) and lead to specific groupings and clusters 
of program and individuals. Depending on a site's particular context 
and type of program, a specific logic applies. Such an ecological 
understanding moves the meaning of the city from the individual to 
the collective. In this way a city resembles a cloud.
New research demonstrates that cities share many of the 
underlying organisational principles, characteristics and behaviours 
of natural ecosystems and living organisms and that they are 
comprised of a collection of interdependent networks that 
constantly effect and affect each other. For example, Bettencourt 
et al. demonstrate how the same mathematical framework used 
to measure growth and predict mortality in living organisms 
applies as well to cities (Bettencourt et al. 2007). Discoveries 
like this mean firstly that what we perceive as the overall form 
of a city is neither explicitly prescribed nor fixed, but arises out 
the interactions between its constituent parts and its particular 
environment, and secondly that cities evolve over time through 
constant reconfiguration. Cities are bottom-up phenomena driven 
by interdependencies from which spatial and organisational 
patterns and qualities emerge at a multitude of scales. Due to the 
intrinsic complexity of these interdependencies, we are able neither 
to predict their behaviour nor to anticipate their outcomes without 
engaging in simulating the processes of these self-organisational 
systems through computation (Rocker 2006).
However, while this understanding offers a powerful way of 
thinking about design on a conceptual level, it does not provide 
the required design tools that address architectural designers’ 
needs for compositional techniques that allow them to harness 
and employ these formative processes for the production of 
architectural and urban space and form. 
THE WORKBENCH
With this imbalance in mind, we developed the computational 
design workbench CloudNets that implements the concept 
of Graph-CA as a plug-in into the 3D-modelling software 
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RhinocerosTM and allows for a designerly engagement with this 
concept. The concept of Graph-CA was first outlined by O’Sullivan 
(O'Sullivan 2000) and is a promising new dynamic organisational 
model that combines aspects of two existing mathematical 
concepts, graphs (Biggs, Lloyd & Wilson 1976; Trudeau 1993) 
and cellular automata (CA) (Wolfram 1994, 2002). While both of 
these concepts have been employed widely for the representation 
and simulation of cities (Alexander 1966a; Batty 1997, 2005), 
the innovation of Graph-CA is that the underlying restrictive 
organisational structure of the regular grid of CA is replaced by a 
graph, which is a general way of describing the overall relationships 
of connectedness in a system of nodes. Graph-CA therefore not 
only provides a framework for the underlying organisational logic 
of complex systems, but at the same time provides the means and 
methods to design a multitude of complex organisational systems. 
The developed workbench is a means of making a variety of 
graphs either of an existing or of a new urban condition and is 
a mechanism for deriving emergent properties based on those 
relationships. The workbench extends the functionality of Rhino™ 
through a series of new methods that, for example, allow for 
the calculation of the overall connectedness of individual nodes 
of the graph, and the adding and removing of individual nodes 
to the graph, as well as the encoding and subsequent use of 
specific attributes to individual nodes. These new methods provide 
architectural and urban designers with a design environment that 
allows for the development, exploration and real-time simulation 
of the behaviour of complex organisational systems across a 
multitude of scales and under various conditions. Users can access 
and employ these methods through simple scripts that operate 
within Rhino™.
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RESEARCH THROUGH DESIGN: EXPERIMENTING WITH THE 
CLOUDNETS PLUG-IN
The following design projects are worked examples of how the 
CloudNets plug-in was successfully employed as a generative 
engine in a range of different design scenarios by architecture 
students within the context of a computational design seminar, 
taught by the authors at RMIT University. The seminar introduced 
students to various computational models and scripting techniques 
and explored how these affect and are affected by our spatial 
thinking. Both projects exemplify the proposition that a building is 
sensibly understood as self-similar to its city, namely enjoying the 
same logic and attributes of its constituent organisational structure.
EXAMPLE 01: SITEGRAPH
This project investigates the way Graph-CA can be used to 
generate an organisation of architectural functions and explores 
whether a Graph-CA-based system can generate unexpected 
spatial and formal organisations through a deterministic process, 
which is described by a simple set of rules. 
The first part of the investigation tests this in the design of an 
individual nine-storey building. The building’s volume is broken 
up into smaller individual volumes (cells) and is represented by a 
weighted non-planar graph. Each of the 225 spaces within the 
graph can be filled with either one of the three types of program – 
residential apartments (green), commercial office spaces (red) and 
retail shop spaces (grey) – or becomes articulated as empty space. 
At the beginning of the process the entire network is randomly 
seeded with programs. Throughout the simulation process the type 
of program for each cell within the building is decided through a set 
of weighted rules considering the attributes of its neighbours, their 
orientation, and a series of influencing principles and preferences, 
as well as rules designed to ensure the model stays within the 
predefined program space quotas. For example, apartments should 
be oriented to the north and have cross ventilation, while shops 
prefer to exist at street level and at the periphery of the building in 
order to have the greatest exposure to pedestrians. 
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This set of basic rules produces unexpected effects and 
complexity. Types of spaces cluster together and move apart. In 
all experiments, a pattern or order becomes identifiable during the 
iterations, but unexpected results also become apparent. Some of 
the iterations stabilise and begin to flip between opposite states, 
while others form visible ribbons and layers, groups and clusters. 
The resulting spatial arrangement is differentiated, but embodies 
coherent order.
1 2
3 4
VAR_SEARCH_DISTANCE = 1.0          Dim VAR_USE_DISTANCE_WEIGHT          VAR_USE_DISTANCE_WEIGHT = 1.0          VAR_DISTANCE = 15000.0          VAR_COLUMN_IMPORTANCE = -0.2          VAR_HORIZONTAL_IMPORTANCE = 1.3
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The second part of this investigation successfully applies the same 
process and underlying rule-set to a larger scenario: the design 
of a small district made up of three individual buildings. The entire 
site is represented by a single graph, comprising all three buildings 
and their relationships to each other, creating one interconnected 
system that produces unanticipated spatial qualities.
EXAMPLE 02: HITO-GA-HITO-YOBU
This project employed the workbench in the development of a 
design strategy for growth and decay around the central area of 
Shibuya in Tokyo. The investigation first focused on the clustering 
of people and architectural programs in the central area around 
Shibuya station. The aim was to extract an associative rule-set of 
local phenomena encompassing urban density, spatial and social 
diversity and proximity, as well as local property laws and property 
values. In a second stage, this rule-set was re-coded, based on 
architectural intentions, and applied across a graph, representing 
the entire urban fabric. This set a process in action that allowed for 
an informed assessment of the resulting transformations in urban 
development and the overall character of the city.
 
PROJECT SUMMARY
The outlined projects further exemplify how this approach 
has general application beyond cities and how it can be 
successfully employed in the development of design strategies 
across a multitude of scales that not only produce novel spatial 
configurations, but more importantly develop new architectural and 
urban design sensibilities. Finally, such systems of relationships and 
emergent attributes have general application beyond buildings and 
cities. A landscape, spaces within a building, elements of a façade, 
or abstract representations of data can be similarly represented. 
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TOOLS FOR
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TOOLS FOR CONVIVIALITY, 2009
Tools for Conviviality was a semester-long trans-disciplinary 
design studio that I co-taught with Elif Kendir at RMIT University, 
involving students from architecture, industrial design and 
landscape design. The focus of the studio was to investigate the 
creation and appropriation of tools for innovative design processes 
across different design disciplines, transforming designers from 
mere consumers of existing tools to the designers of bespoke 
design tools. Drawing on craft theory and theories of design 
and computation, the aim of the studio was to explore how tools 
can transgress disciplinary boundaries and to investigate how 
an understanding of the intricate relationship between tools, 
techniques, the media they operate in and their design outcome 
form the basis of a more informed design approach. By focusing 
on the coexistence of and the polarities and tensions between 
analogue and digital design tools, the studio aimed to illustrate how 
a new compositional logic can be developed through the nexus 
between traditional and advanced technologies and how these 
might influence material processes. 
RECIPES FOR DESIGN: AN INQUIRY ON METHOD
One of the major inspirations during our conception of this studio 
was Peter Jenny’s reconfiguration of Alfred Neweczeral’s 1947 
Rex peeler as a design tool (Gänshirt 2007, p. 96). Together with 
Bruce Mau’s Incomplete Manifesto for Design (Mau 1998), where 
he invites designers to make their own tools, Jenny’s redesigned 
Rex peeler quite aptly summarised our intentions – to analyse 
conventional tools from within and outside the domain of design in 
order to subvert their use and explore their potential for practices 
of design and making. 
The studio was intended to be a self-reflexive and process-oriented 
experience and we sought to recruit students with a preliminary 
understanding of their individual design methodologies. The 
prospective participants needed to have already acquired a range 
of design skills – to have established a ‘comfort zone’ in their 
design processes – so that we could challenge them to go beyond 
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their conventional approaches by exchanging ideas with students from 
other design disciplines throughout the semester. 
‘DESTRUCTIVE ANALYSIS’
The semester started with an intensive period of procedural analysis, 
during which we asked the participants to provide us with a list of their 
individual design skills and to write up their motivations for joining the 
studio. There was an equal amount of interest in a traditional hands-on 
approach and in computation, and the studio structure allowed for a 
training period in their design medium of preference.
The main challenge for students in the first half of the semester was 
to develop a critical distance from the design strategies to which they 
were accustomed. By asking for a design recipe from each participant, 
we aimed to estrange them from their naturalised processes, so as 
to provide the space for a procedural leap of faith. Polanyi calls this 
sort of estrangement from a naturalised skill ‘destructive analysis’ 
(Polanyi 1958), as it temporarily shifts focal attention to previously 
unnoticed subsidiary processes, paralysing the very use of skill during 
the analysis period. We allowed for this shift of attention during the 
first half of the semester, where we provided weekly instructions in the 
form of intensive design charrettes, focusing on different portions of 
the design process.
Our intention for the weekly design charrettes was to collaboratively 
build up a repository of prototypical analogue and digital design tools 
that would be used and further refined during the second phase of 
the studio. After an intensive period of weekly presentations and 
discussions on collectively produced design tools, the students were 
required for the second half of the semester to develop and utilise 
their design tools within the context of a conventional design project.
The main strategy we utilised throughout the first half of the semester 
was to point out a range of possibilities for the designing of design 
tools.
The brief for our first charrette, titled Seek, Destroy and Restore, 
called for the analysis of a conventional tool of choice, which was 
to be subsequently decomposed and recomposed as a design tool. 
In this instance, we not only tested the students’ understanding of a 
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design tool, but also aimed to expand their cognitive capacities by 
challenging them to see different affordances in everyday tools. 
According to craft theory, the ‘decomposition and recomposition’ 
approach is a vital constituent of design understanding, where 
making and fixing become complementary parts of a continuum. 
When talking about an act of repair that changes the essential 
function of a tool, Richard Sennett refers to a ‘jump of domains’ 
(Sennett 2008, p. 200). According to Sennett, this jump expands 
the tool’s previous applicability, while the very act of repair provides 
the designer with a deeper understanding of its application. 
Following the first charrette, we asked students to form groups 
involving different design disciplines in order to work on the 
remaining charrettes collaboratively. We also arranged training 
sessions to familiarise students with available modelling and 
computation facilities at the School. These training sessions 
involved sessions in the model-making workshop, a digital 
prototyping workshop, and an introductory weekend workshop on 
the Rhino™ plug-in Grasshopper®. Students were then asked to 
employ their new skills in the construction of design tools while 
exploring concepts such as measurement, pattern-making, and 
generative algorithms. In exploring these concepts, they were 
encouraged to use both physical and digital modelling approaches 
to develop their tool sets.
While the students produced an impressive set of design tools in 
the first phase, there was also heated debate about when a tool 
becomes a design tool. This ambiguity became evident at mid-
semester, when students were asked to reflect on the work they 
had done during the first phase and needed to speculate on which 
tool they wanted to use in the context of the given design problem. 
We were initially surprised to see how little students actually 
thought about why and when they use the tools they developed. 
However, this apparent lack of critical thinking makes sense 
within the context of Michael Polanyi’s discussion on focal and 
subsidiary awareness in skill formation. In this case, the students 
had temporarily shifted all their attention to the production of tools 
at the expense of the 'bigger picture', their design intent.
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CONVIVIAL TOOLS
Considering how contemporary information technologies depend 
largely on the dynamics of communities of interest and networked 
intelligence, we designed an online database at the start of 
the semester that was used as an open-source workbench for 
information sharing and asynchronous feedback among all 
participants. The students were able to use the workbench as an 
active platform for information sharing, as well as a virtual studio 
space that enabled them to track each other’s progress. This created 
a positive synergy among the students, leading to the production of 
an exciting exhibition and a well-crafted studio catalogue at the end 
of the semester.
Our pedagogical approach was based mainly on the idea of 
collective intelligence. Through our studio teaching, we explored 
the impact of conviviality in generating an atmosphere that leads 
to an accumulation of innovative know-how. As the semester 
progressed, we were increasingly convinced about the critical impact 
of peer-group interaction in the development of skills across design 
disciplines.  
FROM TOOLS TO PROCEDURES
Critics of media theory question whether the tools utilised and the 
media in which they operate actually determine the nature of the end 
product (Potts 2008). By focusing exclusively on tools, we risked 
being overly deterministic about the effect of techniques, while 
overlooking other factors in design such as context or programmatic 
concerns. However, questioning the nature of a design tool provided 
us with invaluable insights as to how we use procedures when 
designing.
By focusing on design tools, we introduced students to the concept 
of physical computation, and invited them to think about performative 
aspects of design by producing design tools with simple purposes. 
To some extent this helped us get rid of the 'black box' effect, as 
we tried to unveil the mysteries of design’s ideation process by 
showing how small steps can lead to complexity in an end product. 
In some cases, even a simple geometric device was instrumental 
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in introducing students to concepts behind associative and 
procedural modelling approaches.
By introducing the principles of decomposition and recomposition, 
we aimed to familiarise the students with a new aesthetic language 
that expressed a coherent and seamless adaptive logic. By using 
material or algorithmic tools, students initiated their designs with 
a governing procedure – a driver – that can be inflected and 
affected by a combination of contextual, physical and design-based 
parameters.
ENGAGING PROCEDURES: FROM MATERIAL EMERGENCE 
TO ALGORITHMIC EMERGENCE
‘One thing we recognised when programming was 
the inherent scale change that is required when 
working.  Because programming requires the explicit 
relationship between all objectives and outcomes, 
working with this interface it was very easy to get 
lost in detail (it is all detail).[…] To zoom in and out of 
scales with the project was a major factor in creating 
something we sought from an entirely new technique.’ 
(Scott Crowe, studio participant, commenting on 
his studio experience, submitted at the end of the 
semester, October 2008.)
In his Incomplete Manifesto for Growth, Bruce Mau suggests 
that software is the reason for the homogeneity of contemporary 
design and suggests avoiding software altogether (Mau 1998). In 
our case, we did not go so far as to avoid the use of software, but 
instead raised the awareness that ‘tools of representation are never 
neutral’ (Pérez Gómez 2002), and that not only do they change 
the way we work but they deeply influence how we perceive 
design problems at hand. We addressed this issue in the studio 
by intentionally suspending the design on the designated project 
site until later in the semester, while simultaneously challenging 
students to design prototypical design tools that could be used for 
a wide range of scenarios and would assist them in their design 
methods beyond the studio.
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The main focus during the second half of the semester was on testing 
the developed tools on a selected project site, which was an urban 
block in the city of Melbourne that had a number of heritage-listed 
buildings and where a massive redevelopment scheme was under 
way. We allowed the students to select the scale of their interventions, 
while working on different aspects of the site. In the end, the scales of 
intervention ranged from urban design to product design, all of which 
informed the resolution of individual proposals.
MATERIAL EMERGENCE
One of our main emphases throughout the semester was on the 
use of physical modelling. Driven by craft theory, we insisted on the 
importance of workmanship of risk as opposed to workmanship 
of certainty (Pye 1978), inviting students to follow the emergent 
properties of materials. This philosophy of design is especially 
important in the current context of information technologies that 
increase the tendency towards more abstraction at the expense of 
embodied knowledge (DeLanda 2001). 
In their initial explorations during the charrettes, Scott Crowe and 
Patrick Eberle produced a series of well-crafted physical models. 
One of these models was used as an urban pattern-making tool that 
was based on the idea of an elastic grid that changes according to 
different densities within the site. Following their literal take on the 
idea of an elastic grid, they produced this model with elastic bands 
of different lengths and resistances to which they attached pieces 
of cardboard to act as the non-elastic units of the grid. They then 
explored the emergent patterns by changing the lengths of elastic 
bands.
Although Crowe and Eberle moved on to creative design computation 
and employed agent-based modelling techniques in their final design, 
their idea of a grid’s changing according to desired densities, which 
was developed through this model, remained. They later utilised the 
different patterns created by this model as façade elements in their 
conceptual collages illustrating their final design proposal. That in itself 
is indicative of the way students regard their ‘tools’ created for the 
charrettes: they continually subvert the initial purpose of the tool so 
that it conforms to their changing needs as their design ideas evolve.
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ALGORITHMIC EMERGENCE
In their final project, Time Machine, Crowe and Eberle successfully 
integrated and combined their design tools that they had designed 
and built previously in the charrettes. The intention of their project 
was to make a programmatic analysis of the given site and to 
produce a system that would allow for the generation of new 
master plans while acknowledging both quantitative and qualitative 
aspects of the site. For their final proposal they developed a 
bespoke computational design tool that synthesised an agent-
based system and a three-dimensional cellular automaton in order 
to diagrammatically generate future urban design scenarios for 
their site.
In comparison to other students who embraced the computational 
approach, Crowe and Eberle were more adept in bringing their 
design proposal to the desired resolution. They were able to 
employ their abstract diagram for generating a series of future 
urban scenarios on the project site. In order to achieve more 
control over the output, they introduced a preferred set of spatial 
relations in conjunction with the functional proximity relations. Their 
preferred results were represented in terms of expressive collages, 
which further explored the spatial potentials of the emergent 
configurations on a more intimate scale.
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MELBOURNE HARBOUR ESPLANADE, 2010
This project explores the possibility of a designer creating a bespoke 
design tool for another designer who has no expertise in design 
computation but who takes the initiative and wants to develop a 
bespoke design tool. 
BKK Architects took the initiative and engaged us in order to develop 
a bespoke design tool for the canopy structure of their Melbourne 
Docklands Harbour Esplanade project. Prior to engaging us as 
computational design consultants, the practice had tried to model the 
525m-long canopy with standard modelling techniques in Rhino™, 
but was unsatisfied with the results they could achieve.  The design 
concept for the canopy was that its geometry should resemble a 
stream of water.
The practice had no computational design expertise in-house, thus 
requiring that the computational workbench needed to be easy to use. 
We decided to develop a graphic interface that would allow the design 
team to sketch easily within their familiar modelling environment, 
Rhino™. 
Our bespoke-design workbench extended Rhino’s™ core functionality 
and provided the design team with a series of graphic controllers – 
law curves – that gave them parametric control over the position of 
each individual control point of the canopy cross-sections. Additionally 
the workbench provided the design team with a toolbar of other 
bespoke tools. One of these bespoke tools enabled the designer 
to automatically store all parameter settings of the current design 
and also generated a series of key views of the design and saved 
all of these in a directory on the computer. This allowed the design 
team to rapidly generate a series of design options and to compare 
and evaluate these afterwards. If the team decided that it wanted to 
develop one of these options further, it could use another bespoke 
tool that automatically loaded the settings and geometry back into 
the Rhino™ modelling interface. Throughout the entire development 
process of the workbench we were in close contact with the design 
team and we refined the workbench constantly. In the case of this 
project, the design of the canopy and the design of the workbench 
were developed in tandem.
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Make Esplanade Frames
Annotate Curve Points
Draw Flow Curves
Curve Initialiser
Make Control Curve
New Setup
Harbour Esplanade - Service Release 1.7.tb
Dim sectionVert
             
‘get sections
section = Rhino.GetObject(“pick section to instantiate”)
insertPt = Rhino.GetPoint(“pick insertion point of section”)
centreline = Rhino.GetObject(“pick centreline”)
‘centreLength = (Rhino.curvelength(centreline)) / 5
‘calculate the number of crosssections
cntrlCurveL = Rhino.ObjectsByLayer (“distribution”)
cntrlCurve = cntrlCurveL(0)
Ybase = Rhino.GetObjectData(cntrlCurve, “MySection1”, 
“MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlCurve, “MySection1”, 
“MyEntry2”)
centreLength = MyCrossections(centreline, cntrlCurve, 
Ybase, Yscale)
cntrlPts = ControlValues(cntrlCurve, centreLength, centreline, 
Ybase, Yscale)
cntrlLoftL = Rhino.ObjectsByLayer (“extrusion”)
cntrlLoft = cntrlLoftL(0)
Ybase = Rhino.GetObjectData(cntrlLoft, “MySection1”, 
“MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlLoft, “MySection1”, 
“MyEntry2”)
loftPts = ControlValues(cntrlLoft, centreLength, centreline, 
Ybase, Yscale)
‘get ctrlpoints
cntrlPtCrv1L = Rhino.ObjectsByLayer (“cntl pt 1”)
cntrlPtCrv1 = cntrlPtCrv1L(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv1, “MySection1”, 
“MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv1, “MySection1”, 
“MyEntry2”)
cntrlPtCrv1Pts = ControlValues(cntrlPtCrv1, centreLength, 
centreline, Ybase, Yscale)
cntrlPtCrv2L = Rhino.ObjectsByLayer (“cntl pt 2”)
cntrlPtCrv2 = cntrlPtCrv2L(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv2, “MySection1”, 
“MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv2, “MySection1”, 
“MyEntry2”)
cntrlPtCrv2Pts = ControlValues(cntrlPtCrv2, centreLength, 
centreline, Ybase, Yscale)
cntrlPtCrv3L = Rhino.ObjectsByLayer (“cntl pt 3”)
cntrlPtCrv3 = cntrlPtCrv3L(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv3, “MySection1”, 
“MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv3, “MySection1”, 
“MyEntry2”)
cntrlPtCrv3Pts = ControlValues(cntrlPtCrv3, centreLength, 
centreline, Ybase, Yscale)
cntrlPtCrv4L = Rhino.ObjectsByLayer (“cntl pt 4”)
cntrlPtCrv4 = cntrlPtCrv4L(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv4, “MySection1”, 
“MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv4, “MySection1”, 
“MyEntry2”)
cntrlPtCrv4Pts = ControlValues(cntrlPtCrv4, centreLength, 
centreline, Ybase, Yscale)
cntrlPtCrv5L = Rhino.ObjectsByLayer (“cntl pt 5”)
cntrlPtCrv5 = cntrlPtCrv5L(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv5, “MySection1”, 
“MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv5, “MySection1”, 
“MyEntry2”)
cntrlPtCrv5Pts = ControlValues(cntrlPtCrv5, centreLength, 
centreline, Ybase, Yscale)
cntrlPtCrv6L = Rhino.ObjectsByLayer (“cntl pt 6”)
cntrlPtCrv6 = cntrlPtCrv6L(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv6, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv6, “MySection1”, “MyEntry2”)
cntrlPtCrv6Pts = ControlValues(cntrlPtCrv6, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv7L = Rhino.ObjectsByLayer (“cntl pt 7”)
cntrlPtCrv7 = cntrlPtCrv7L(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv7, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv7, “MySection1”, “MyEntry2”)
cntrlPtCrv7Pts = ControlValues(cntrlPtCrv7, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv8L = Rhino.ObjectsByLayer (“cntl pt 8”)
cntrlPtCrv8 =cntrlPtCrv8L(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv8, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv8, “MySection1”, “MyEntry2”)
cntrlPtCrv8Pts = ControlValues(cntrlPtCrv8, centreLength, centreline, Ybase, Yscale)
‘Y MOVEMENT
cntrlPtCrv1YL = Rhino.ObjectsByLayer (“cntl pt 1Y”)
cntrlPtCrv1Y = cntrlPtCrv1YL(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv1Y, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv1Y, “MySection1”, “MyEntry2”)
cntrlPtCrv1YPts = ControlValues(cntrlPtCrv1Y, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv2YL = Rhino.ObjectsByLayer (“cntl pt 2Y”)
cntrlPtCrv2Y = cntrlPtCrv2YL(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv2Y, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv2Y, “MySection1”, “MyEntry2”)
cntrlPtCrv2YPts = ControlValues(cntrlPtCrv2Y, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv3YL = Rhino.ObjectsByLayer (“cntl pt 3Y”)
cntrlPtCrv3Y = cntrlPtCrv3YL(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv3Y, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv3Y, “MySection1”, “MyEntry2”)
cntrlPtCrv3YPts = ControlValues(cntrlPtCrv3Y, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv4YL = Rhino.ObjectsByLayer (“cntl pt 4Y”)
cntrlPtCrv4Y = cntrlPtCrv4YL(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv4Y, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv4Y, “MySection1”, “MyEntry2”)
cntrlPtCrv4YPts = ControlValues(cntrlPtCrv4Y, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv5YL = Rhino.ObjectsByLayer (“cntl pt 5Y”)
cntrlPtCrv5Y = cntrlPtCrv5YL(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv5Y, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv5Y, “MySection1”, “MyEntry2”)
cntrlPtCrv5YPts = ControlValues(cntrlPtCrv5Y, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv6YL = Rhino.ObjectsByLayer (“cntl pt 6Y”)
cntrlPtCrv6Y = cntrlPtCrv6YL(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv6Y, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv6Y, “MySection1”, “MyEntry2”)
cntrlPtCrv6YPts = ControlValues(cntrlPtCrv6Y, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv7YL = Rhino.ObjectsByLayer (“cntl pt 7Y”)
cntrlPtCrv7Y = cntrlPtCrv7YL(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv7Y, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv7Y, “MySection1”, “MyEntry2”)
cntrlPtCrv7YPts = ControlValues(cntrlPtCrv7Y, centreLength, centreline, Ybase, Yscale)
cntrlPtCrv8YL = Rhino.ObjectsByLayer (“cntl pt 8Y”)
cntrlPtCrv8Y = cntrlPtCrv8YL(0)
Ybase = Rhino.GetObjectData(cntrlPtCrv8Y, “MySection1”, “MyEntry1”)
Yscale = Rhino.GetObjectData(cntrlPtCrv8Y, “MySection1”, “MyEntry2”)
cntrlPtCrv8YPts = ControlValues(cntrlPtCrv8Y, centreLength, centreline, Ybase, Yscale)
‘add layer
Rhino.addlayer “Sections”
Rhino.currentlayer “Sections”
‘Instantiate
    myCounter = 0
    
   
    For i = 0 To UBound(centreLength)
    NewLoc = centreLength(i)
    thisSection = Rhino.CopyObject(section, insertPt, NewLoc)
    
    ‘get vertices
    sectionVert = Rhino.PolylineVertices(thisSection)
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ARCHITECTURE, 
BUILDING AND 
PLANNING (ABP) 
BUILDING AT THE 
UNIVERSITY OF 
MELBOURNE
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MELBOURNE UNIVERSITY ARCHITECTURE, 
BUILDING AND PLANNING (ABP) COMPETITION, 
2010
This project is similar in nature to the previous project and I will 
give only a short account of the project as the design is not 
mine. The importance of this project lies not in its design, but in a 
different place, namely how an architectural design practice can 
take the initiative to develop bespoke design tools without having 
in-house the expertise to do so. My involvement in this project was 
in the development of a bespoke design tool that implemented 
a dodecagonal aperiodic tiling pattern within the modelling 
environment of Rhino™. The bespoke design tool was developed 
for the local architecture firm McBride Charles Ryan (MCR) during 
the competition phase of the international design competition for 
the new Architecture, Building and Planning building at Melbourne 
University.
MCR had no computational expertise in its office, but was 
interested in using a dodecagonal aperiodic tiling pattern that they 
had come across during the competition phase. The sampling 
method was originally developed in computer science and allows 
for the building of 2D Low-Discrepancy Sequences for Hierarchical 
Importance Sampling Using Dodecagonal Aperiodic Tiling.
Our bespoke design tool, which was implemented as a toolbar 
in Rhino™, allowed the design team to place locators within the 
modelling environment in Rhino™. These locators determined 
the number of iterations of the substitution. The generated 
patterns were used for the design of the expressive façade and of 
architectural volumes of the building.
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PRICKING V.1.0
A WORKBENCH FOR LACE MAKING
The Analytical Engine weaves algebraic 
patterns just as the Jacquard Loom weaves 
patterns of flowers and leaves.
- Ada Lovelace
A new language requires a new technique. 
- Philip Glass
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PRICKING V.1.1, 2011
PROJECT AIM AND PRACTICE CONTEXT
Pricking14 further engages notions of complexity and indeterminacy 
and investigates the making of dynamic behavioural digital 
representations that allow for real-time interaction with the digital 
model as well as how such representations transform and extend 
the lace-making craft’s established disciplinary boundary and 
conceptual vocabulary, its practices of design and making, and 
its practices of representation. The project is a transdisciplinary 
collaboration between myself, my practice partner Paul Nicholas, 
the architect Iain Maxwell15 and the interaction designer Indae 
Hwang. On one level the project braids together aspects of the 
history of lace-making (Punto in Aria), the history of the first 
computer algorithm (by Ada Lovelace), and the marriage of 
computing and textile fabrication (the Jacquard loom), and then 
cross-pollinates these with a series of repurposed algorithms 
derived from the science of pattern formation, with techniques 
from interaction design, and with contemporary digital fabrication 
technology in order to open up alternative avenues of expression 
and new ways of composition. On another level the project further 
explores how to establish an active relationship between a digital 
model’s representation, its logics of making and its environment of 
interaction.
Pricking explores both of these questions through the design 
and fabrication of a bespoke workbench for lace-making that 
we initially designed in response to a public call for Expressions 
of Interest (EOI) by the Powerhouse Museum in Sydney for 
its triennial International Lace Award Love Lace, in which the 
project is the winner of the Digital-Multimedia Category Award. 
The two-stage competition aimed to encourage the creation of 
contemporary lace of exceptional quality and visual impact; to 
promote innovation in the use of materials and techniques; to 
redefine traditional expressions of lace-making and its design 
applications, and to gather a wide range of entries to reflect both 
the affinity and diversity of global cultures. Within the competition 
14 Pricking derives its name 
from a term used in 
lace-making that refers 
to the initial drawing of 
a lace pattern that is 
subsequently used as a 
guide for the making of 
the lace.
15 Iain Maxwell is co-founder 
of the architecture 
practice supermanoeuvre.
16 For further information 
on the Lace Award 
see http://www.
powerhousemuseum.
com/lovelace/index.php/
about-the-lace-award.
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brief, lace was defined as ‘an openwork structure in which the 
pattern of spaces is as important as the solid areas.’ 16
At the beginning of the project I made a series of discoveries 
that become central to its conceptual development and overall 
ambition. The first is in relation to the title of the award. Augusta 
Ada King, Countess of Lovelace, is known mainly for her work on 
Charles Babbage’s early mechanical general-purpose computer, 
The Analytical Engine. In 1842 Babbage asked Ada Lovelace 
to translate into English an article on The Analytical Engine by 
the Italian engineer Luigi Menabrea. To the article, published in 
1843, she added extensive notes of her own that, from a modern 
perspective, are visionary. She speculated that the Engine ‘might 
act upon other things besides number, were objects found 
whose mutual fundamental relations could be expressed by 
those of the abstract science of operations... the Engine might 
compose elaborate and scientific pieces of music of any degree 
of complexity or extent.' The idea that a machine could manipulate 
symbols in accordance with rules and that numbers could 
represent entities other than quantity marked the fundamental 
transition from calculation to computation. Lovelace was the first 
person to explicitly articulate this notion and in this she appears 
to have seen further than Babbage. Her notes included the first 
published description of a stepwise sequence of operations 
for solving certain mathematical problems, which was the first 
algorithm intended to be processed by a machine, and because 
of this she is often referred to as the world's first computer 
programmer.
The second discovery is a particular type of lace that I encountered 
when visiting the exhibition Lace in Fashion17 at the National 
Gallery of Victoria (NGV). The exhibition showcased mostly needle 
and bobbin lace and the motifs employed were predominantly 
naturalistic renderings of flowers, trophies, human and animal 
figures, as well as architectural ornament. While the intricacy of 
the works was breathtaking, it was the discovery of one particular 
type of lace, Punto in Aria (transl. ‘stitch in air’), that captured my 
attention and imagination. Punto in Aria is an early form of needle 
17 http://www.ngv.vic.gov.
au/whats-on/exhibitions/
exhibitions/lace-in-
fashion.
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lace that was invented in sixteenth-century Venice. It is considered 
the first true lace because it was the first type of lace freed from 
any underlying support or sub-structure, hence its name: ‘stitch in 
air’. Punto in Aria marks an important moment of innovation in the 
world where design and technique co-evolved and informed each 
other. 
ENGAGING PATTERN (IN)FORMATION
With the above discoveries in mind we started the project with 
a question inspired by Louis I. Kahn and asked, ‘What does lace 
want?’18 To move towards an answer requires understanding lace 
not as an explicitly prescribed form, but instead as an abstract 
formative principle, a product of processes and mechanisms from 
which discernible structures and patterns emerge. Here, lace is 
an emergent property of a system, a bottom-up phenomenon 
that emerges out of local interactions of a large collection of 
interdependent sub-systems that constantly effect and affect 
each other and that are in constant dialogue with each other. 
The qualities sustained by lace are possible only by virtue of the 
relationships between its parts. This understanding moves the 
meaning of lace from the individual to the collective and shifts the 
attention from the explicit towards the implicit, from the geometric 
to the behavioural, from the design of the formal and explicit 
geometries towards the design of states and behaviours for pattern 
formations.  
DESIGNING THE WORKBENCH
The workbench consists of two integrated parts: a bespoke design 
software for lace-making and a custom designed interactive multi-
touch table that together provide an interactive design environment.
PART I: BESPOKE DESIGN TOOL
The bespoke design tool is developed within the open-source 
programming framework Processing19 and consists of six 
behavioural lace-making systems. Each system employs the 
underlying logic of a different existing lace-making technique and 
17 Louis I. Kahn famously 
asked the brick, ‘What 
do you want, Brick?’ with 
the brick responding, ‘I 
like an arch.’ For the full 
conversation see What 
Will Be Has Always Been: 
The Words of Louis I. 
Kahn (Kahn & Wurman 
1986).
19 http://processing.org/.
116T O P O L O G I E S  O F  E N C O U N T E R
cross-pollinates this with an appropriated algorithm of an adaptive 
self-organising system in order to create a novel logic that operates 
at a multitude of scales within differentiated fields of intensities. 
The six resulting lace systems are a knotting system that is based 
on a Voronoi tessellation; a crochet system that is based on a 
mass-spring system in conjunction with a dynamic relaxation 
algorithm in order to simulate the material elasticity of a fabric; 
a knitting system that uses a proximity-based network system; a 
netting system that is based on the interaction of charged particles 
manifest within electromagnetic fields; a cutting system that 
employs the flocking behaviour of a swarm of semi-autonomous 
agents, and a stencil system that uses the logic of a Gray-Scott 
reaction diffusion for lace-making.
Initially the development of the design tool and the interactive 
table occurred in parallel. While this approach initially allowed us to 
quickly explore a wide range of different options and prototypes, 
we soon realised that we needed to develop both components in 
tandem. For example, most of our systems developed in Processing 
relied on the use of a mouse-click to trigger certain behaviours. 
While easily implemented within our computational system, it 
proved impossible to get the same ‘event’ to be triggered when 
using the multi-touch setup that we decided to use, as the use of 
a Rear Diffused Illumination (Rear DI20) does not allow for a ‘click 
event’ but registers only the presence of fingers and objects on the 
table surface.
PART II: INTERACTIVE MULTI-TOUCH TABLE
From the outset of the project we wanted to create a tangible 
interactive design environment that brings a group of people 
together around a table so that they engage in a conversation and 
playfully craft lace designs. This required that the table can be 
used by an individual and by multiple users at the same time. The 
interactive multi-touch table uses Rear DI and a top projection. 
It consists of a touch surface (B) that sits flush within the frame 
of a custom-designed plywood box (D). The touch surface is 
comprised of a 10mm acrylic sheet and a diffuser layer, in the 
form of an adhesive film that is applied to the underside of the 
20 http://www.
peauproductions.com/
reardi.html
ABOVE
Programming interface of 
Processing.
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LEFT
Prototype testing implementatin 
of CCV with one of the desined 
lace patterns.
BELOW
User interacting with multitouch 
table during the LoveLace 
exhibition opening at the 
Powerhouse Museum in Sydney.
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sheet. The diffuser layer ensures an even illumination of infrared 
light across the entire touch surface and simultaneously captures 
the image of the data-projector (G). Because we wanted people 
to experience how the lace patterns would look as garments on 
their arms and hands, we decided to mount the data-projector 
overhead, directly above the table with the projection pointing 
downwards. Whenever one or multiple users (A) place their hands 
or fingers on the touch surface, they become visible to the infrared 
camera (C) that is mounted underneath, in the centre of the base 
of the box. Because of the diffuser layer, the camera only captures 
fingertips and hands as well as any brightly coloured objects when 
they come into contact with the touch surface. The infrared filter 
of the camera blocks out the light of the data-projector and only 
registers the infrared light that is emitted by the infrared LEDs21 
(E) that are placed inside the plywood box, directly below the touch 
surface. The computer (F) processes the data from the camera and 
streams a 'live' projection back on the table, allowing for real-time 
interaction with the workbench. By placing her finger or hand on 
top of the yellow submit button, a user can submit her designed 
lace pattern to the virtual archive, which is also automatically 
displayed on the screen of a computer (J). We implemented 
this real-time transfer/synchronisation of data between the two 
computers (F) and (J) through the freely available cloud computing 
service Dropbox™.22 For the detection and tracking of the finger 
movement on the table top we used the open-source software 
Community Core Vision (CCV).23 CCV enabled us to capture the 
users’ interaction with the table and to stream this information in 
real-time via TUIO24 protocol as an input to our bespoke design 
software. 25
ENCODING MATERIAL (IN)FORMATION
The workbench is designed as an interactive interface that allows 
users to playfully craft and explore the algorithmic procedures of 
lace-making. Each of these systems has a different embedded 
logic and responds in its own particular way to the users’ 
interaction with the table. Users can interact in real-time with 
each of these systems and influence their ongoing complex 
21 For the final multi-touch 
table we used the Multi 
Touch Screen Quad Kit 
- 4 Infra Red LED Light 
Bars from Environmental 
Lights (http://www.
environmentallights.com/
Multi-Touch-Screen-
Quad-Kit-4-Infra-Red-
LED-Light-Bars-11-8-
inches-300-mm-Infra-
Red-850-nm_P4196.
aspx).
22Due to the weak signal 
strength and limited 
bandwidth of the wireless 
internet that was available 
to us at the Powerhouse, 
the image was not 
displayed in real-time but 
after an approximate ten-
second time lag. 
23Community Core Vision, 
or CCV (a.k.a. tbeta), is an 
open source/cross-platform 
solution for computer vision 
and machine sensing. It 
takes a video input stream 
and outputs tracking data 
(e.g. co-ordinates and blob 
size) and events (e.g. finger 
down, moved and released) 
that are used in building 
multi-touch applications. CCV 
can interface with various 
web cameras and video 
devices as well as connect 
to various TUIO/OSC/XML 
enabled applications and it 
supports many multi-touch 
lighting techniques, including 
FTIR, DI, DSI, and LLP, with 
expansion planned for future 
vision applications (custom 
modules/filters).
24For detailed information 
on the TUIO protocol 
specifications see 
http://www.tuio.
org/?specification#tuio 
and the paper TUIO - A 
Protocol for Table-Top 
Tangible User Interfaces 
(Kaltenbrunner et al. 
2005).
25In order to process the 
incoming information 
with our bespoke design 
software we used 
tuiZones, an open-source 
Processing library for 
multi-touch interactions 
(http://jlyst.com/tz/).
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self-organising processes by touching the multi-touch interface 
of the table. For example, the swarm of semi-autonomous agents 
that inhabits the surface of the table creates an intricate network 
of stitches. Whenever the user places her fingers or hand on 
the table, individual agents shy away, resulting in an emergent 
behaviour of the collective of the swarm that introduces temporal 
cuts into the network of stitches. In this example the global lace 
pattern emerges out of the ongoing self-organisation of the swarm. 
It is through this conversation between users and the workbench 
that ephemeral orders and intricate lace patterns emerge. Each 
of these emerging lace patterns has an individual character and 
holds a particular temporal existence, which is archived in an ever-
growing digital catalogue. For the exhibition at the Powerhouse 
we produced a series of lasercuts out of paper. An interesting 
by-product was that, because of the intricacy of the designed lace 
patterns, the material behaviour of the paper was transformed and 
it behaved much more like fabric, instead of a sheet material.
PROJECT SUMMARY
The project demonstrates how creative design computation allows 
for the development of dynamic behavioural digital representations 
that allow for a real-time interaction with the digital model. Creative 
design computation has also enabled us to encode material 
logics through the use of a bespoke computational mass-spring 
system into a digital model. The repurposed algorithms derived 
from the science of pattern formation have further expanded our 
understanding of a behavioural form and the meaning of lace.
Furthermore, the project illustrates how creative design 
computation successfully links increasingly information-based 
knowledge domains and enables transdisciplinary collaboration.
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Detail showing infrared LED 
mounted inside the table.
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A WORKBENCH FOR LACE MAKING
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PRICKING V.1.2, 2012
This second version of Pricking was developed in response to an 
invitation to participate in the exhibition Art, Pattern and Complexity 
at the Royal Institution of Australia, which was hosted at The 
Science Exchange and was part of the Adelaide Fringe Festival. 
Margot Osborne, the curator of this exhibition, came across 
Pricking V.1.1 at the Powerhouse Museum and commissioned us 
to develop another version of the workbench. We kept the core 
of the workbench the same, but needed to make some minor 
modifications to the original version. The necessity to modify the 
original bespoke design tool also gave us the opportunity to further 
develop the project.  
BUILDING AN ATLAS
Instead of displaying user-designed lace patterns on a screen next 
to the interactive table, we replaced the display computer screen 
with a printer in order build an archive, an atlas of a New Kind of 
Lace, which would grow continuously throughout the duration of 
the exhibition. Like its historical predecessors that emerged out 
of other ages of exploration, we wanted our atlas to be primarily 
visual and aimed for all submitted lace patterns being automatically 
printed on a 4x6-inch index card as well as uploaded to a public 
online database using Flickr™. Conceptually the aim of this atlas 
was to chart the terra incognita, the unknown land, a design world 
that is created by the cross-pollination of computational systems 
and the centuries-old craft of lace-making. We achieved this by 
developing two further bespoke tools. The first tool, which was 
programmed in VisualBasic, continuously monitors a local directory 
on the computer that runs the design workbench and automatically 
sends any submitted lace pattern to the installed printer. The 
second bespoke tool was developed using the programming 
language Python and simultaneously uploads a digital copy of the 
index card to a Flickr™ account.
While the physical atlas is incomplete due to many users taking 
their printed index with them as a souvenir, the digital atlas is 
complete.
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Each index cards has a unique 
encryption consisting of the first 
two letter of the name of the lace 
system (A), the date YYMMDD 
(B) and the time HHMMSS (C) 
the design was created.
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A HOUSE FOR HERMES #07, 2012
A House for Hermes #07 is not a singular design project, but 
instead is part of the on-going House for Hermes project series 
that was initiated by Charles Anderson. Each project in this 
series 'muses upon what constitutes 'house', 'home' and 'place' 
in the contemporary world of ceaseless change, displacement 
and exile' (Anderson 2011, p. 30). A House for Hermes #07 was 
developed for the exhibition Always on My Mind: home | hōm |, a 
group exhibition of invited Korean and Australian artists that was 
hosted jointly by the Seoul National University Museum of Art 
(MoA) and Gana Art Gallery as part of the Australia-Korea Year 
of Friendship. The project consists of three interrelated parts, 
but my discussion of this project focuses only on Part III, a film 
that I co-authored with Anderson and with Indae Hwang and that 
was specifically developed for the 99x79m LED media façade 
at Seoul City Square.26 For the duration of the exhibition, the film 
was continuously screened throughout the evenings as part of a 
show reel that included video works of other artists included in the 
Always on My Mind: home | hōm | group exhibition.
Our aim for this project was to depict the continual appearance 
and disappearance of a house within a turbulent particle cloud, a 
continuous process of growth and decay that faded into darkness. 
In order to achieve this aim we developed a stand-alone bespoke 
computational design tool that simulated a particle field that, 
over time, gradually rendered the geometry of a house visible. 
For the movement of the particle we appropriated an algorithm 
that simulates Brownian motion. All of the programming for the 
bespoke tool was undertaken collaboratively with Hwang.
The colour scheme for the particles is reminiscent of scientific 
images of galaxies, nebula and star clusters. While we tested out a 
series of colour schemes we eventually decided on using shades 
of blue, red and white as these colours added an additional layer of 
cultural meaning. 
26 http://ganamplanet.
com/index.php?/
project-2011/november/.
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CLOUD CHAMBER
Cloud Chamber investigates how creative design computation 
enables a designerly appropriation of concepts and techniques 
used in scientific imaging instruments, such as particle detectors, 
which are employed in experimental particle physics. The 
project appropriates these techniques and explores how 
these might enrich our disciplinary conceptual vocabulary, our 
assumptions and understanding of space and form, and our 
practices of design and making. 
The project explores this question through a site-specific 
installation that was developed in response to an invitation by 
[MARS] Gallery27 to produce a creative work for its upstairs gallery 
space. I developed and undertook the project in collaboration with 
Charles Anderson and Indae Hwang.  The project takes its name 
from the scientific instrument developed by Charles Thomson 
Rees Wilson28  to detect ionising radiation and at the same time 
aims to establish a conceptual connection to Daniel Libeskind's 
chamber works drawings (Libeskind 1983).29 The installation is a 
spatial exploration into the invisible nature of the exhibition space. 
The project aims to bring attention to newly emerged aspects of 
nature, hitherto invisible to the naked eye but that are now revealed 
by science and its newly available technology, such as the Large 
Hadron Collider (LHC) that was built by the European Organisation 
for Nuclear Research (CERN).
In order to achieve this, we designed an interactive bespoke design 
instrument that generates a particle system in the exhibition space, 
and visualises the trails left behind by decaying particles. These 
trails are reminiscent of the signatures that subatomic particles 
leave in particle collision detectors. The aim of the developed 
design tool is not to replicate the accuracy of the scientific 
evidence, but is rather an aesthetic evidencing of a search for 
the rules that define the way our world works at its core. We 
generated a set of drawings with the bespoke design tool 
27 http://www.marsgallery.
com.au/.
28 The cloud chamber, 
also known as the 
Wilson chamber, is a 
particle detector used 
for detecting ionising 
radiation. Wilson 
(1869–1959), a Scottish 
physicist, is credited 
with inventing the cloud 
chamber. Along with 
Arthur Compton, he 
received the Nobel Prize 
in Physics in 1927 for 
this work.
29 A set of 28 drawings 
done by Daniel Libeskind 
while serving as the 
head of the Architecture 
Department at 
Cranbrook Academy of 
Art in Bloomfield Hills, 
Michigan.
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that are orthographic projections of the invisible particles 
in space. These drawings are an art print, a series of long-
exposure shots that are printed on translucent film and 
mounted on light-boxes, and a large floor piece, made out of 
laser-etched plywood sheets.
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A bespoke design tool for 
Illustrator that was developed 
using the programming language 
Python automatically extracts 
curve control points and converts 
theses into squares Illustrator.
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CONCLUSION
This PhD has documented my strategies to investigate the extent 
to which an engagement with creative design computation is 
transforming architectural practice. The primary vehicle for the 
investigation has been practice-based project work, and the 
principal contribution of this research is to explore this problem 
from within the context, conditions and pressures of live creative 
practice. 
At the core of this research is the idea that ready-made software 
sets a new limit condition on architectural practice and design 
innovation and that architects need to take initiative and actively 
engage in creative design computation, thereby changing from 
mere consumers of ready-made software to designers of bespoke 
creative design tools, and that such an engagement has positively 
transformed architectural practice.
In Chapter One: Introduction, I introduced the research aim 
and defined the scope and field of my research. I described my 
personal research background and explained my research stance 
and motivations for undertaking this research. I introduced the 
research problem and the two principal research questions of the 
investigation:
What can designers do when their creative capacity 
is straitjacketed by ready-made software and this 
condition sets a limit to their ability to innovate 
when engaging digital design approaches?
How does a creative engagement with design 
computation transform architectural practice?
I discussed the employed research method of ‘research through 
design’ and described the two instruments with which I conducted 
the research: an applied project-based investigation, and scholarly 
engagement with available literature. Furthermore, I gave the 
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reader an overview of the various themes and topics of the 
research and outlined the structure of the PhD.
In Chapter Two: Ecologies of Practice, I introduced and described 
the conceptual framework that underlies the investigation. I 
examined selected literature and describe how innovation in 
architecture and transformations in its practices have historically 
been closely linked to developments and paradigmatic shifts in 
science and its related technology. Based on this historical context, 
I further examined how a worldview based on emergent relational 
phenomena, dynamics and behaviours provides a novel paradigm 
of design and I introduced the first part of the problem towards 
which this PhD is addressed. I drew on selected design literature 
to detail the historic and contemporary interdependent relationship 
between practices of design and practices of representation and 
discussed how innovation in architecture and transformations 
in its practices are closely linked to technological change and 
practices of representation. Within the context of digital technology, 
I discussed how ready-made software increasingly sets limits on 
architectural practice and design innovation and examined the 
increasing calls by theorists and designers that architects need to 
take initiative and actively engage in creative design computation, 
thereby changing from mere consumers of ready-made software 
to designers of bespoke creative design tools. I described my 
own practice context within which I have tested the proposition 
and have contextualised this practice with a wider philosophical 
discourse concerning the transforming nature of disciplinarity.
In Chapter Three: Topologies of Encounter, I presented the 
accounts and results of my applied project-based inquiry within my 
‘live’ practice. Within each of the chronologically presented projects 
I took initiative and engaged in creative design computation in 
order to overcome the limitations of ready-made software. Within 
the projects, I used three approaches. Firstly, I developed bespoke 
design tools by customising existing ready-made software 
through creative design computation, as evidenced by the projects 
ScreenResolution, Phar Lap, the Architecture, Building and Planning 
Building at the University of Melbourne and the Melbourne Harbour 
Esplanade canopy. Secondly, I extended existing ready-made 
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software through the creative design computation as evidenced in the 
CloudNets project. Thirdly, I employed creative design computation 
in order to develop fully-fledged, stand-alone bespoke design tools, 
as evidenced in the projects Pricking, A House for Hermes #07 and 
Cloud Chamber. 
TRANSFORMATIONS - PROJECT OUTCOMES
The research methodology I adopted has proven effective in facilitating 
my investigation. Working within the contexts of my practice has 
enabled me to develop and test the research presented in this PhD 
through an applied study whilst grounded in, and reflective upon, 
‘live’ practice. This unique perspective represents one of the main 
contributions offered by this PhD. If my design practice is both an 
enactor of and an allegory for a creative engagement with design 
computation, then the projects created within it are significant not for 
their own sake as designs, but rather for what they indicate about the 
transformation of architectural practice that is taking place.
In the following section I discuss these transformations as I have 
identified them in Chapter One: Introduction.
ENRICHING THE DISCIPLINARY CONCEPTUAL VOCABULARY, 
ASSUMPTIONS AND UNDERSTANDING OF SPACE AND FORM
The projects that exemplify this transformation are ScreenResolution, 
CloudNets, Pricking, A House for Hermes #07 and Cloud Chamber. 
As a group, these projects affirm Galloway and Thacker’s suggestion 
that ‘programming allows for new and productive crosspollination. 
Indeed, programming becomes a new site of design that enfolds 
disciplines not traditionally seen as part of the creative processes of 
innovation’ (Galloway & Thacker 2006). Each of these investigations 
demonstrates how an active engagement with creative design 
computation has allowed me to engage concepts and methods from 
increasingly information-based knowledge domains. Each project 
posits new and different ways of navigating this rich design space, 
which is both an area of productive overlap and terra incognita, and 
forms an open framework that allows me to reformulate architectural 
themes. In all of these investigations, creative design computation 
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enabled me to appropriate and repurpose concepts from outside the 
disciplinary field of architecture and to use these as new compositional 
logics and design vocabulary, enriching the discipline’s conceptual 
vocabulary, assumptions and understanding of space and form. 
ScreenResolution exemplifies how concepts and methods 
appropriated from developmental biology, such as morphogenesis, 
growth and cell differentiation, allow for the exploration of part-to-
whole relationships that lead to a new understanding of form, away 
from form as something static, and towards form as something 
emerging out of the interactions between a component and its 
environment.  Local variation within a system is not something 
arbitrary, but the result of a behaviour that is triggered by internal 
and external influences. This approach can be described as a move 
away from designing through explicit geometries towards the use of 
behavioural processes of formation and indeterminacy.
CloudNets further demonstrates this through the appropriation of 
Graph-CA, a concept derived from contemporary network and graph 
theory. The project developed a bespoke computational workbench 
that provides architects and urban designers with the ability to 
engage cities as bottom-up phenomena that are driven by dynamic 
interrelationships across their network of constituent entities and 
external conditions. Such an understanding develops more broadly 
applicable design sensibilities and propositions.
The project Architecture, Building and Planning Competition employs 
creative design computation in order to repurpose a novel sampling 
method from computer graphics.
While Pricking illustrates this transformation by repurposing algorithms 
derived from the science of pattern formation and techniques from 
interaction design, A House for Hermes #07 and Cloud Chamber 
appropriate methods used in scientific imaging instruments, such 
as particle detectors employed in experimental particle physics, in 
order to open up alternative avenues of expression and new ways of 
composition that expand our conceptual understanding of space and 
form. 
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METAMORPHOSING ARCHITECTURE’S PRACTICES OF 
REPRESENTATION & EXTENDING ARCHITECTURE’S 
PRACTICES OF DESIGN AND MAKING
All projects of the applied project-based investigation illustrate 
this transformation, which can be described as a change from 
modelling with static three-dimensional geometric representations 
to modelling through dynamic n-dimensional behavioural 
representations that are defined by a set of relationships. The 
resulting digital representation can be described as a ‘living model’:  
a digital model that is context-responsive and materially aware 
and allows for real-time interaction with and modifications to its 
constituent parameters and inherent interrelationships.
For example, the projects ScreenResolution, Resonant Frequency, 
Harbour Esplanade and Pricking demonstrate how creative 
design computation allowed me to establish an interface between 
the digital model and the material practice of architecture. By 
encoding into a digital model parameters relating to design 
intent and environmental influences, as well as to material, 
fabrication and assembly logics, it is possible to establish a set of 
active relationships between a digital model’s representation, its 
environment and its intended materialisation. All three projects 
highlight how such a context-responsive, materially aware digital 
model enables the active use of these parameters as key design 
drivers, informing all possible design configurations from the 
beginning of the design process. 
CloudNets, Pricking, A House for Hermes #07 and Cloud Chamber 
evidence how creative design computation allows for a modelling 
through behaviours that describe the interactions and relationships 
between its constituent parts.
Furthermore, the projects ScreenResolution, Resonant Frequency, 
Pricking, A House for Hermes #07 and Cloud Chamber illustrate 
how scripting can be a creative collaborative act between a group 
of designers.
While at the outset of this PhD I had experience in end-user 
programming, this skill set proved insufficient for the project 
17 Foster and Partners 
coined the term ‘living 
model’ in their account of 
their design of the Swiss 
Re building in London. 
For the full description of 
the projects, see Foster 
and Partners 2004, 
‘Swiss Re’, in M Stacey 
(ed.), Digital Fabricators 
(Foster and Partners 
2004, pp. 16–21).
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investigations that I wanted to undertake. This required me to progressively 
develop and expand my technical expertise and practices of creative design 
computation. As the outcomes of the project ScreenResolution illustrate, engaging 
in a software’s endemic scripting language enables designers to appropriate 
and customise ready-made software. While this practice enabled the design 
team of ScreenResolution to overcome some of the strictures of the software 
environment, the design team was still limited by methods and procedures that 
were made available to them by the software developer. The degree of freedom 
provided by this practice proved insufficient for the subsequent project Resonant 
Frequency and I was required to learn the programming language Visual Basic 
for Applications™ (VBA). VBA proved a powerful programming language as it 
opened up a backdoor from the parametric modelling environment of CATIA™ and 
allowed me to establish interfaces between different software applications. The 
development of the CloudNets plug-in required me to go even further and engage 
in the multi-paradigm and general-purpose programming language of C++. 
From the outset of the project it was clear that the required investment of time to 
acquire all the skills to develop the plug-in ourselves was not justifiable and we 
engaged a professional programmer as part of the design team in order to develop 
the plugin with us. The ambition to develop a fully-fledged, stand-alone application 
for the projects Pricking v.1.1 and Pricking v.1.2 demanded me to learn the 
general-purpose and object-oriented programming languages Java™ and Python™. 
These skills were then further developed and refined in the projects A House for 
Hermes #07 and Cloud Chamber.
A SHIFT IN THE EDUCATIONAL CURRICULUM
The projects that illustrate this transformation are ScreenResolution, Tools for 
Conviviality and CloudNets. Within each of these projects the introduction of 
students to basic programming methods that enable them to modify and create 
their own bespoke design tools is an important dimension of the curriculum. The 
importance of this cultural shift from teaching students how to consume software 
to how to create their own is very important and is echoed in a recent online article 
of the Guardian titled ‘The UK’s attitude to computer education needs a reboot’ 
(Lanyado 2012).
183 CONC LU S I O N
RECONFIGURING THE ORGANISATION OF THE OFFICE
The projects that illustrate this transformation are CloudNets, 
Pricking, A House for Hermes #07 and Cloud Chamber. All of 
these projects were developed through the collaboration of a 
transdisciplinary design team that is reconfigured according to the 
demands of the project at hand.
In the instance of CloudNets, the transdisciplinary design team 
comprised architects, computer scientists, and a professional 
programmer who was commissioned for the backend programming 
of the plug-in. In the case of Pricking, we collaborated with another 
architecture practice and an interaction designer. Both the projects 
A House for Hermes #07 and Cloud Chamber are the result of 
the transdisciplinary collaboration of an architect, an artist and an 
interaction designer.
EXPANDING THE DISCIPLINARY FIELD OF OPERATION
The projects that exemplify this transformation are Pricking, 
Harbour Esplanade and the Architecture, Building and Planning 
Competition.
Both the Melbourne Harbour Esplanade and the Architecture, 
Building and Planning Competition illustrate how a design practice 
with expertise in creative design computation is able to take on the 
role of a software engineer by designing bespoke design tools for 
designers who do not have the required expertise in-house, but 
who take initiative to engage creative design computation.
In both Pricking projects, creative design computation formed the 
lingua franca between architecture, interaction design and the craft 
of lace-making, and resulted in an operative transformation of all 
three fields of activity and their agency.
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Over the course of this study, the project work of my research has 
generated the following by-products:
BOOK SECTIONS
Schork, T 2009, 'Contagious Life', in P Ednie-Brown (ed.), Plastic 
Green: Designing for Environmental Transformation, RMIT 
Publishing, Melbourne, pp. 158-65.
Schork, T, Nicholas, P & Maxwell, I 2011, 'Pricking', in L Ward (ed.), 
Love Lace: Powerhouse Museum International Lace Award, 
Powerhouse Publishing, Sydney, p. 93.
Schork, T, Nicholas, P & Frumar, J 2008, 'MESNE Design Studio', 
in Abundant Australia, Australian Institute of Architects, 
Barton, ACT, pp. 168-9.
Schork, T, Nicholas, P & Frumar, J 2009, in V Stappmanns & E 
McEoin (eds), The Melbourne Design Guide: Learn Section, 
2009/2011 edn, Alphabet Press, Melbourne, p. 38.
CONFERENCE PROCEEDINGS
Kendir, E & Schork, T 2009, 'Tools for Conviviality: Transcribing 
Design', in T Tidafi & T Dorta (eds), Joining Languages, 
Cultures and Visions: Proceedings of the 13th International 
Conference on Computer Aided Architectural Design 
Futures, 17 - 19 June, Les Presses de l'Universite de 
Montreal, Montreal, pp. 740-53.
Schork, T 2008, 'Option Explicit: Scripting as Design Media', in 
K Terzidis (ed.), What Matter(s)?: Proceedings of the 1st 
International Conference on Critical Digital, 18 - 19 April, 
Harvard University Graduate School of Design, Cambridge, 
Mass., pp. 41-6.
222A P P E ND I X
Schork, T 2009, 'Modes of Composition: A Computational Approach', 
in C Gengnagel (ed.), Concepts Beyond Geometry: 
Proceedings of the 2nd Design Modelling Symposium Berlin, 5 
- 7 October, University of the Arts Berlin, Berlin, pp. 301-11.
Schork, T, Burrow, A & Minifie, P 2009, 'CloudNets: A Workbench for 
Emergent Urbanism and Architectural Form', in G Çağdağ & B 
Çolakoğlu (eds), Computation: The New Real of Architectural 
Design: Proceedings of the 27th eCAADe Conference, 16-19 
September, Yildiz Technical University, Istanbul.
JOURNAL ARTICLES
Schork, T & Nicholas, P 2012, 'Pattern (in)formation', Artlink: Pattern & 
Complexity, vol. 32, no. 1, pp. 62-3.
Schork, T & Nicholas, P 2011, ‘Scripting Cultures: Architectural Design 
and Programming’, in MC Burry (ed.), Architectural Design 
Primers, John Wiley & Sons Ltd, Chichester, p. 51.
Schork, T, Nicholas, P & Frumar, J 2010, ‘MESNE: Strange Attractor’, 
in J Krauel (ed.), Contemporary Digital Architecture: Design 
and Techniques, Links, Barcelona, pp. 200-3.
Schork, T, Nicholas, P & Frumar, J 2010, ‘MESNE Design Studio’, in P 
Downton, A Mina, MJ Ostwald & M Burry (eds), Homo Faber: 
Modelling, identity and the post digital, Archadia Press, Sydney, 
pp. 56-61.
Schork, T & Nicholas, P 2008, ‘Screenresolution: Prototypes Made 
From Non-Standard Components’, in P Downton, A Mina, 
MJ Ostwald & M Burry (eds), Homo Faber: Modelling Ideas, 
Archadia Press, Sydney, pp. 134-41.
EXHIBITIONS
Formations: New Practices in Australian Architecture, 29 August - 25 
November 2012, Australian Pavillion at 13th International 
Architecture Exhibition la Biennale di Venezia, Venice.
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